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Abstract 
The aim of this dissertation thesis is to estimate the impact of climate change on the 
active volume of a reservoir at the region of Mouzaki in Thessaly which will be used for 
energy production. The first step of methodology begins by collecting  mean monthly 
data from temperature and precipitation station  which are scattered in the water 
catchment area (basin) of Mouzaki. The temperature  data will be used in order to 
calculate the mean monthly temperature of the basin by implementing the temperature 
lapse rate method. The precipitation data will be used for the mean areal precipitation 
calculation by implementing the Thiessen Polygon Method and the precipitation lapse 
rate. Aftewards, the Potential Evapotranspiration is to be calculated by utilizing the 
Thornthwaite Method. The next step is to input the calculated values in the UTHBAL 
hydrological model which will estimate the mean monthly surface runoff. Finally, the 
active volume of the reservoir will be estimated for the past period of 1960-2000.The 
whole procedure is repeated for two future periods: the 1st future period 2010-2050 and 
the 2nd future period 2051-2091.For the future period the initial climatic data 
(temperature and precipitation) are a acquired via KNMI-RACMO2 climatic model 
based on emission scenario A1B.The results of each period will be compared and 
discussed. 
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1 Structure of thesis 
The present thesis is constituted by the following chapters: 
Chapter one: In this chapter the structure of thesis is presented. 
Chapter two: This chapter introduce the problem of Climate Change,the causes and 
effects. Also there is a presentation of the Climatic Models 
Chapter three :In the third chapter of the thesis ,the area of study is presented and 
meteorological data are analyzed along with the methodologies of temperature lapse 
rate and Thiessen Polygon Method 
Chapter four: In chapter four the Potential Evapotranspiration is calculated with the 
implementation of Thorntwaitte Method which is analyzed. 
Chapter five : In this chapter the Hydrological Model UTHBAL is presented and 
implemented.  
Chapter six: In the sixth chapter  the active storage of the reservoir is calculated with the 
method of cumulative volume diagram   
Chapter seven Finally, in the last chapter the main conclusions  are presented. 
2 Climate change 
The first scientific paper citing that the raise of  the level of carbon dioxide in the 
atmosphere could lead to altering the surface temperature of the earth was published by 
the Swedish scientist Svante Arrhenius in 1896. (1) The decades followed ,scattered 
papers and articles made their appearance (picture 1)  
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Picture 1:One of the first articles regarding the global warming 
 
The National Academy of Science in1979 reports that the climate would change with 
the increased levels of atmospheric carbon dioxide (2)Thirty years ago, the potentially 
disruptive impact of heat-trapping emissions from burning fossil fuels and rain forests 
became front-page news. A century of accumulating science and a big shift in 
perceptions were the ways for that to happen. Now, scientists know exactly what are the 
reasons of the environment’s gradual disaster through the years. (3) 
The past decades are characterized by an increase in publishing reports and papers in an 
effort to aware the public opinion. Also there is an increased acceptance that human 
activities contributes more significant in Global Warming (4) (5) 
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Picture 2 climate change papers published per year (4) 
 
2.1 Definitions 
Some definition are cited below regarding the climate change  and the differences from 
weather and climate. 
Weather: The combination of the current meteorological components is called weather. 
For example, temperature, wind direction and speed, amount and type of precipitation, 
sunshine hours etc. Other familiar examples include snow, clouds, floods or 
thunderstorms. The weather is defining a short time period up to several days. Also, it is 
local (6) (1) 
Climate: On the other hand, the long-term and average weather conditions for a specific 
region or even worldwide is called climate. Several examples include maritime climate, 
cold-dry desert climate, and tropical climate. It is composed of different components 
and factors (6) (1) 
Global Warming: It is the term used to describe a gradual increase in the average 
temperature of the Earth’s atmosphere and its oceans since the early 20th century and 
most notably since the early 1970s, a change that is believed to be permanently 
changing the Earth’s climate. The primary sources of the global warming are believed 
to be the increased volumes of carbon dioxide and other greenhouse gases released by 
the burning of fossil fuels since the industrial revolution. Worldwide since 1880, the 
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average surface temperature has gone up by about 0,8 °C (1,4 °F), relative to the mid-
20th-century baseline (1951-1980). (7) (1) 
Climate change: Refers to a broad range of global phenomena created predominantly by 
burning fossil fuels, which add heat-trapping gases to Earth’s atmosphere. Nowadays, 
due to the climate change, there are phenomena that include the increased temperature 
trends described by global warming (surface and oceans’ temperature); sea level rise; 
ice mass loss in Greenland and Antarctica; glaciers retreat worldwide; shifts in 
flower/plant blooming; decreased snow cover; declining Arctic sea ice; and extreme 
weather events. (1) 
  
2.2 Causes 
Most climate scientists agree the main cause of the current global warming trend is 
human expansion of the "greenhouse effect"- warming that results when the atmosphere 
traps heat radiating from Earth toward space. At first, it is important to refer that we live 
in a greenhouse. Life on Earth depends on energy coming from the sun. About half the 
light reaching Earth's atmosphere passes through the air and clouds to the surface, 
where it is absorbed and then radiated upward in the form of infrared heat. About 90 
percent of this heat is then absorbed by the greenhouse gases and radiated back toward 
the surface, which is warmed to a life-supporting average of 15°C (59 °F). (1) 
Certain gases in the atmosphere block heat from escaping. Long-lived gases that remain 
semi-permanently in the atmosphere and do not respond physically or chemically to 
changes in temperature are described as "forcing" climate change. Gases, such as water 
vapor, which respond physically or chemically to changes in temperature, are seen as 
"feedbacks." (1) 
Gases that contribute to the greenhouse effect include: water vapor (the most abundant 
greenhouse gas, but importantly, it acts as a feedback to the climate. Water vapor 
increases as the Earth's atmosphere warms, but so does the possibility of clouds and 
precipitation, making these some of the most important feedback mechanisms to the 
greenhouse effect), carbon dioxide (a minor but very important component of the 
atmosphere, carbon dioxide is released through natural processes such as respiration and 
volcano eruptions and through human activities such as deforestation, land use changes, 
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and burning fossil fuels. Humans have increased atmospheric CO2 concentration by 
more than a third since the Industrial Revolution began. This is the most important long-
lived "forcing" of climate change), methane (a hydrocarbon gas produced both through 
natural sources and human activities, including the decomposition of wastes in landfills, 
agriculture, and especially rice cultivation, as well as ruminant digestion and manure 
management associated with domestic livestock. On a molecule-for-molecule basis, 
methane is a far more active greenhouse gas than carbon dioxide, but also one which is 
much less abundant in the atmosphere), nitrous oxide ( a powerful greenhouse gas 
produced by soil cultivation practices, especially the use of commercial and organic 
fertilizers, fossil fuel combustion, nitric acid production, and biomass burning) and 
chlorofluocarbons (synthetic compounds entirely of industrial origin used in a number 
of applications, but now largely regulated in production and release to the atmosphere 
by international agreement for their ability to contribute to destruction of the ozone 
layer. They are also greenhouse gases). (1) 
On Earth, human activities are changing the natural greenhouse. Over the last century 
the burning of fossil fuels like coal and oil has increased the concentration of 
atmospheric carbon dioxide (CO2)(picture 2). This happens because the coal or oil 
burning process combines carbon with oxygen in the air to make carbon dioxide. (1) 
 
Picture 3:CO2 emissions per year (1) 
To a lesser extent, the clearing of land for agriculture, industry, and other human 
activities has increased concentrations of greenhouse gases. More specifically, there's a 
more than 95 percent probability that human activities over the last 50 years have 
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warmed our planet. The industrial activities that our modern civilization depends upon 
have raised atmospheric carbon dioxide levels from 280 parts per million to 400 parts 
per million in the last 150 years. (1) 
Other reason that drives climate change is the volcanoes. Large-scale volcanic activity 
may last only a few days, but the massive outpouring of gases and ash can influence 
climate patterns for years. Sulfuric gases convert to sulfate aerosols, sub-micron 
droplets containing about 75 percent sulfuric acid. Following eruptions, these aerosol 
particles can linger as long as three to four years in the stratosphere. (1) 
In addition, changes in the sun's energy output would cause the climate to change, since 
the sun is the fundamental source of energy that drives our climate system. Indeed, 
studies show that solar variability has played a role in past climate changes. Although, 
some evidence prove that current global warming cannot be explained by changes in 
energy from the sun. For example, the average amount of sun energy has remained 
constant or slightly increased the last centuries. (1) 
 
2.3 Effects 
Global climate change has already had observable effects on the environment. Glaciers 
have shrunk, ice on rivers and lakes is breaking up earlier, plant and animal ranges have 
shifted and trees are flowering sooner.Global warming is likely to be the greatest cause 
of species extinctions this century. The Intergovernmental Panel on Climate Change 
says a 1.5°C average rise may put 20-30% of species at risk of extinction. If the planet 
warms by more than 2°C, most ecosystems will struggle. Many of the world’s 
threatened species live in areas that will be severely affected by climate change. And 
climate change is happening too quickly for many species to adapt. Several examples 
are tigers, snow leopards, Asian rhinos, orangutans, African elephants, polar bears, 
adélie penguins, arctic puffins etc. (8)Furthermore, extreme weather events will take 
place more often and more intensely. Droughts and heat waves; hurricanes and floods 
are some of the examples. At the same time, sea level will rise 1-4 feet by 2100; global 
sea level has risen by about 8 inches since reliable record keeping began in 1880. It is 
projected to rise another 1 to 4 feet by 2100. This is the result of added water from 
melting land ice and the expansion of seawater as it warms. In the next several decades, 
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storm surges and high tides could combine with sea level rise and land subsidence to 
further increase flooding in many regions. Sea level rise will continue past 2100 
because the oceans take a very long time to respond to warmer conditions at the Earth’s 
surface. Ocean waters will therefore continue to warm and sea level will continue to rise 
for many centuries at rates equal to or higher than those of the current century. (1)In 
addition,the overall health effects of a changing climate are likely to be overwhelmingly 
negative. Climate change affects social and environmental determinants of health – 
clean air, safe drinking water, sufficient food and secure shelter. All populations will be 
affected by climate change, but some are more vulnerable than others. People living in 
small island developing states and other coastal regions, megacities, mountainous and 
polar regions are particularly vulnerable. Children living in poor countries are among 
the most vulnerable to the resulting health risks and will be exposed longer to the health 
consequences. The health effects are also expected to be more severe for elderly people 
and people with infirmities or pre-existing medical conditions. Areas with weak health 
infrastructure – mostly in developing countries – will be the least able to cope without 
assistance to prepare and respond. (9) 
2.4 Climatic Models  
Since the effects of the climate changes cannot longer be ignored ,several  Climate 
Models have been developed in order to predict as accurate possible the future 
variations in the climate. Global Climate Models or Global Circulation Models (GSM) 
are mathematical models which are based on fluid dynamics and thermodynamics 
principles (10).and they can predict the future  changes on large scale.An increase in 
spatial resolution led to the creation of the Regional Climate Models which are more 
suitable for local predictions (11).An  RCM model is the  RACMO2 model which was  
developed by Koninklijk Nederlands Meteorologisch Instituut(KNMI) and it will be 
implemented for this study. 
2.5 Climatic Scenarios 
In 1988 the World Meteorological Organization and the United Nations Environment 
Programme established the  International Panel on Climate Change (IPCC)  with the 
purpose to provide world governments all the information needed to develop the right 
strategies to confront the Climate Change. In 2000 a Special Report on Emissions 
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Scenarios was published and used in IPCC Fourth Assessment Report (2007) and cited 
the climatic emission scenarios which are used in Climate Models projections. These 
are: 
A1 scenario :It is characterized by rapid economic growth ,increase in population for 
the first half of the century and decline for the latter ,more efficient technologies appear 
social and cultural interactions are increased on global scale alleviating regional 
differences. The A1 scenario is divided in three sub-scenarios depending on 
technological development: the A1FL scenario in which the societies are still heavily 
fossil fuels dependant, the A1B which describes a more balanced case with emphasis in 
all energy sources and the A1T which is emphasis given in non-fossil energy sources. 
A2 scenario: In this scenario the population is continually increasing ,the nations are 
more self depended and the economic development is mainly regionally oriented 
B1 scenario :The economic growth and the population rates are similar to A1 but 
changes in economy regarding services and information. Also the material intensity is 
lower and there is a rise in cleaner and more efficient technologies in energy resources. 
Finally, emphasis is given to economic, social and environmental stability on global 
scale. 
B2 scenario :The population is rising but the rate is lower than the A2 ,the economic, 
social and environmental stability is oriented on local scale, the economic development 
is characterized by intermediacy. The shift in technology is less expeditious and more 
diverse. 
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3 The area of study and the 
meteorological data 
The studied area is the water catchment area of Mouzaki which is located in the 
northwestern part of the municipality of  Karditsa in Thessaly(Picture 4). The most 
important river in the area is Pamisos or Bliouris, which originates from the region of 
Karavoulas peak in Pindos and contributes to Pinios.The mountains of the region, 
Agrafa, constitute the southern extension of Pindos. (12)The main characteristics of the  
are presented  below(table 2): 
 
Table 1 characteristics of Mouzaki basin 
Area (km2)  144,1 
Perimeter (km)  54.0 
Maximum Altitude (m)  2000 
Average altitude (m) 827 
Minimum altitude (m)  223 
Maximum waterfall length (km)  13.41 
Main water body length to center of 
gravity (km)  
6.49 
Latitude Geometric Center Latitude (˚)' 39˚ 12 
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Figure 1:The basins of Thessaly (13) 
3.1 Temperature data 
In the area there is an adequate number of meteorological stations(picture5) which 
record temperature in oC . At picture 5 below is shown the locations of the stations.The 
red dots represent the temperature stations and the blue dots represent s the precipitation 
stations. 
 
Picture 4 
 
  -11- 
 For valid calculations the data must be characterized by continuity and the stations by 
versatile geographical distribution in the basin . The table 2 shows the selected six 
stations along with information such as their respective altitude, the municipality they 
belong to and the service which is responsible for. 
Table 2:The selected stations 
LOCATION ALTITUDE(m) MUNICIPALITY SERVICE 
ARGITHEA 980 KARDITSA PPC1 
POLINERI 730 TRIKALA PPC 
LEONTITO 950 KARDITSA PPC 
TAVROPOS 850 KARDITSA PPC 
KAPNIKOS STATHMOS 110 KARDITSA MINISTRY OF 
AGRICULTURE 
KARDITSOMAGOULA 95 KARDITSA MINISTRY OF 
AGRICULTURE 
 
 
The data cover a period from 1960 to 2000 and it  will be the reference period of this 
study. The mean temperature of the stations is 13.65oC .More analytically ,the mean 
monthly temperature of each station is shown in table-3 and figure 2 and the mean 
annual temperature is shown in figure 3 
 
 
 
 
 
 
 
                                                 
1 PPC: Power Public Company 
oct nov dec jan feb mar apr may jun jul aug sep
Argithea 14.3 8.8 5.4 4.5 5.1 5.1 10.2 15.4 19.1 21.1 21.2 18.4
Polineri 13.9 9.7 6.2 4.7 5.6 8.2 11.6 15.7 19.5 22 22.3 19
Leontito 13.3 8.3 4.8 3.5 3.8 6.7 10.5 15.1 19.6 22.9 22.6 18.8
Tavropos 12.4 7.8 3.8 2 2.8 5.2 9.6 14.6 18.7 21 20.8 17
Kapnikos Stathmos 16.3 10.5 6.1 4.9 6.6 10.1 15 20.6 25.6 27.6 26.5 22
Karditsomagoula 16.7 10.6 6.4 5 7.1 10.8 15.4 21.1 26.5 28.1 27.2 23.6
Table 3 the mean monthly temperature of each station 
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Figure 2 the mean monthly temperature of each station 
 
 
 
 
 
 
Figure 3 Annual mean temperature of the meteorological station 
  -13- 
3.1.1 Method of Temperature Lapse rate 
 
In order to calculate the mean temperature of the basin of Mouzaki the method of 
temperature lapse rate will be implemented to a reference station.The altitude of the 
reference station should be the closest altitude to the mean altitude of tha basin (827m) 
so the station of Argithea's is selected. The method is based on the admission that the 
temperature decreases when the altitude is increases.The lowerring of the temprerature 
per meter altitude which is the inclination λ is defined as the temperature lapse rate. 
(14)The relationship between the annual mean temperature of the six stations and the 
altitude is linear as shown below and the temperature lapse rate is calculated by the 
equation of linear regression  
 
 
 
Picture 5the linear correlation betwwen 
   
 
So, T= -0.004H+16.68 and R2=0.906 
The average monthly temperatures corresponding to the average altitude of the basin is 
calculated by the following equation 
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Ptki= Pt
k
pt(i)+ΔΗ*λκι 
where, 
 
Ptki  : Monthly average temperature at the basin of Mouzaki, during the i month and k 
year.(oC) 
Ptkpt(i) : Monthly average temperature at meteorological station of Argithea, in the month 
i and year k.( oC) 
ΔΗ: The altitude difference between the mean altitude of the basin and the reference 
meteorological station. 
λκι: The temperature lapse rate in month i month and year k. 
 
The temperature lapse rate for every month of a hydrological year is shown below 
Table 4: 
Month  λ 
october -0.003 
november -0.002 
december -0.001 
january -0.001 
february -0.003 
march -0.005 
april -0.006 
may -0.007 
june -0.008 
july -0.007 
august -0.006 
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september -0.005 
 
So the mean annual temperature for the basin of Mouzaki is 12.29 oC. 
The tables of results are presented in Appendix table A.1 ,A.2 
 
 
3.2 Precipitation Data 
 
 The precipitation data are gathered by the stations which are normal distributed 
in the area and the data cover the reference period (1960-200).The table 5 shows the 
selected station along with their characteristics about their altitude, their municipality 
and the service they belong to.  
Table 5 
LOCATION ALTITUDE(m) MUNICIPALITY SERVICE 
ARGITHEA 980 KARDITSA PPC 
DRAKOTRYPA 680 KARDITSA PPC 
MORFOVOUNI 780 KARDITSA MINISTRY OF 
AGRICULTURE 
MOUZAKI 226 KARDITSA MINISTRY OF 
AGRICULTURE 
MOUZAKI 226 KARDITSA YPEXODE 
BEZOULA 901 KARDITSA YPEXODE 
 
 
The figure 4 shows the of the monthly average precipitation of each station as it is 
distributed in a hydrologic year.(October-September) 
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Figure 4 the distribution of the mean monthly temperature of each station in a 
hydrologic year 
  
 
3.2.1 Thiessen Polygon Method 
 
The meteorological stations in the area record the amount of precipitation at a specific 
point .In order to calculate the mean precipitation the basin the data need to be 
converted into spatial data by implementing the Thiessen Polygon method.The Thiessen 
polygon method is a scalar method of spatial interpolation (15) in which the area of 
study(basin) is divided in several subareas (polygons) each one around a station.The 
mesh is created by connecting the midpoints of the lines of distances between the 
stations.(Figure 5) (16)The advantages of the methods are that it is easy to implement 
and gives sufficient results for region with even conditions of land terrain. (17) 
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Figure 5: the creation of Thiessen polygons (16) 
 
The main principles are that all the points of each subarea are closest to the station of 
their respective area and that all points of each area the amount of precipitation is the 
same for all the subarea. 
 
For the subareas or zones of affection we have  
 
where 
Ai=area of each zone 
A=total area of the basin of Mouzaki 
The weighted average of the measurements based on the size of each one’s polygon is 
calculated : 
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By implemented the above the areas of the affection zones of the precipitation station of 
mouzaki are presented in the following table(table 6) 
 
Table 6:the areas of the affection zones of each station 
 
 
 
 
 
 
 
 
 
 
 
The Thiessen method will be combined  with precipitation lapse rate method in order to 
estimate the mean areal precipitation at the mean altitude of the basin. The precipitation 
lapse rate is calculated in a similar way with the temperature lapse rate. It is based on 
the admission the amount of precipitation raises as the altitude raises. This can be 
shown graphically(figure 6) and the inclination of the line gives the precipitation rate 
coefficient. 
 
 
Precipitation 
Station 
 
Weighted 
Area 
(km2) 
ARGITHEA 0.2431 
DRAKOTRYPA 0.3558 
MORFOVOUNI 0.1247 
MOUZAKI(YPGE) 0.0001 
MOUZAKI(YPE) 0.1483 
BEZOULA 0.1280 
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Figure 6:linear correlation of mean annual values of precipitation and the altitude of the 
station of the basin of Mouzaki 
 
The equation for the mean areal precipitation is 
t=Pt+λ*ΔΗ 
where, 
t  :   The mean areal precipitation at the mean altitude of the basin. 
Pt :    The mean areal precipitation estimated by the Thiessen polygons method 
λ  :     The precipitation lapse rate 
ΔH: Altitude difference between the mean altitude and the weighted altitude of the          
basin 
Table 7 Precipitation lapse rate coefficient 
 
 
 
 
 
 
Month λ 
OCT 0.052 
NOV 0.08 
DEC 0.07 
JΑΝ 0.022 
FΕΒ 0.027 
ΜΑR 0.046 
ΑPR 0.071 
ΜΑY 0.005 
JUN 0.015 
JUL 0.003 
ΑUG 0.017 
SEP 0.018 
  -20- 
 
 
 
 
The result tables for the calculation of precipitation lapse rate and mean monthly 
average of the basin of Mouzaki are presented in Appendix Table A3 ,A4 
The figure 7 shows the distribution of the mean monthly areal precipitation  for a 
hydrologic year in the basin of Mouzaki.  
 
 
Figure 7 mean monthly areal precipitation of the basin of Mouzaki 
 
 
  -21- 
 
Figure 8Total areal precipitation of the basin of Mouzaki 
4.Potential 
Evapotranspiration 
The solar energy which reach Earth affects  the water by  putting  a part of it in a 
state of constant circulating motion between the atmosphere and the surface of Earth 
(18) (picture 9) The procedure is known as Hydrologic Cycle and the main stages 
include evaporation, transpiration, condensation, precipitation, and  surface runoff. (18) 
(19).The stages of evaporation and transpiration express the water losses of a system. 
(21) 
Evaporation is the changing form of the water  from liquid stage to vapor and 
thus returning from land or sea to the atmosphere. The evaporation in a basin occurs in 
every surface of land included soil, wetlands, standing or moving water. (18) (19) 
Transpiration is the release of water  from the leaves of the plants via their 
stomata. The water is a byproduct of the consuming of glucose by the plant and enters 
the atmosphere in the form of vapor. It works  also as a cooling  mechanism. (22) 
In terms of estimation ,evaporation and transpiration are merged to 
evapotraspiration (21)because it is very hard to distinguish from which procedure  the 
percentage of water losses in a drainage basin is coming from since they both are 
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affected by the same factors and occurs at the same conditions. The factors which affect 
the evapotranspiration are solar radiation, temperature, humidity, wind speed, water 
availability, soil type and plant type. (18) (19)  
Potential Evapotraspiration or PET is defined as the amount of evapotraspiration 
which occurs in surfaces evenly and fully covered with plants under no limitation in 
water supply.PET is always larger than actual evapotransparation. (20) (21) 
 
 
 
Picture 6: The water cycle and its stages 
 
 
4.1 Thorntwaite Method 
When it comes in estimation of complicate natural quantities the methods used 
are mostly empirical which means that they are based on observations rather theoretical 
knowledge (24) .Thorntwaite Method is semi empirical (uses both data and 
observations) (25) which estimates PET using means of monthly temperature 
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where 
Ep :Potential Evapotranspiration (mm) 
Ld : coefficient that correlates each month and latitude of the region and 
calculated 
 
  
 
where 
 l1   : the monthly average duration of daylight (hr) 
N    : the number of days for a given month, 1≤ N ≤12 
 
 
Ta: mean monthly temperature (
oC) 
I:  annual value of heat index 
     
i: monthly heat index for the n month, 1≤ n ≤ 12  
a: coefficient which is calculated 
  
 
By implementing the above equation adding the temperature data from the 
previous chapters we have: 
Table 8 
 Month Ld I a 
OCT 0.942207 4.921704 10.94176 
NOV 0.822273 2.354231 9.867274 
DEC 0.800342 1.116438 9.294291 
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Figure 9 
The results of PETcalculation are found in Apendix Table A5 
 
5.The Hydrological Model 
UTHBAL 
The main purpose of water balance hydrological models is to estimate the surface runoff 
from raw rainfall data using the following equation: 
R=P-L 
JAN 0.825052 0.843954 9.58125 
FEB 0.82264 1.034365 10.4832 
MAR 1.007095 1.035652 11.69529 
APR 1.082974 2.945116 12.99569 
MAY 1.215655 5.49215 14.11729 
JUN 1.225044 7.621556 14.70053 
JUL 1.244636 8.822423 14.45384 
AUG 1.162282 8.895082 13.49747 
SEP 1.019926 7.214066 12.23911 
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where, 
R :total runoff in mm 
P:rainfall in mm 
L: hydrologic losses in mm 
 
UTHBAL is a monthly conceptual water balance model developed by University of 
Thessaly and Loukas in 2003. and has been used in water catchment basins in Cyprus, 
Crete ,Thessaly and  Nestos  (26) 
 
 
 
Figure 10 :UTHBAL flowchart and model parameters. (26) 
 
The model uses as inputs time series of monthly rainfall, mean monthly temperatures 
and monthly potential evapotranspiration. The next step is the separation of total 
precipitation into snowfall and rainfall using a logistic correlation rather than linear 
based mostly on monthly temperature data. (23). For mean monthly temperature above 
 C the whole precipitation is considered to be rainfall and for mean monthly 
temperature below  C the whole precipitation is considered to be snowfall. 
For temperature between the two values the snowfall percentage of the precipitation is: 
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%S=-4.5*T+55 (Semadeni-Davies,A.,1997) 
more specific     
where T : mean monthly temperature 
Afterward, the snowmelt ratio is to calculated based on temperature: 
SM(J) = Cm*T(J)  
where  
Cm: monthly melt rate factor in mm/oC 
Also, the height of the accumulated snow in the ground is simulated by the model: 
S(J)=%SP(J) 
and the height of the melting snow: 
SWEsp(J) = SWEsp(J-1) + S(J) – SM(J) 
where, 
S(J): is the snow fallen during a specific month (J) 
 P(J): is the total precipitation in a specific month (J) 
The monthly actual evapotranspiration Ea, which depends on the available soil moisture 
and average surface potential evapotranspiration Ep of each month is estimated 
 
 
where, 
: available soil moisture of month J 
: potential evapotranspiration of month J. 
a: parameter for actual evapotranspiration 
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Finally, total runoff (Qc) is  
Qc = SR + MR + Qg 
where, 
SR: surface runoff 
MR :interflow runoff 
 Qg :base flow runoff  
 SR(J) = (1-K) (ASmoist(J) - Smax)           if ASmoist(J) > Smax  
or,  
SR(J) = 0                                                        if ASmoist(J) ≤ Smax  
where,  
ASmoist(J): remaining soil moisture of month J after the fulfillment of the actual 
evapotranspiration (Smoist(J) - Ea(J)) 
 : the maximum soil moisture 
 
K: is the deep infiltration parameter, calculated by the equations  
 D(J) = K(ASmoist(J) - Smax)                    if ASmoist(J) > Smax  
 or,  
D(J) = 0                                                         if ASmoist(J) ≤ Smax  
The interflow runoff is estimated by equation  
MR(J) = β[Nmoist(J-1) + Nmoist(J)]  
where,  
β : the interflow parameter, 0≤β≤1 
 Nmoist: the available soil moisture, calculated by the equation  
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 NSmoist(J) = Nmoist(J) – MR(J)  
Τhe groundflow runoff is estimated by 
Qg(J) = γD(J-1)  
 where,  
γ :  the groundflow parameter.                    0≤γ≤1 
 
 
With the use of ''SOLVER'' add-in of excel the model estimates the total runoff Qc  by 
taking account the parameters a, Cm, CN, β ,γ, Κ . (23) The CN parameter  is the runoff 
Curve Number is estimated regarding categorization  the geological terrain  of  the basin 
and takes values from 0-100. (27)The categories are : 
A:High filtration soil(sandy and rocky areas) 
B:Medium filtration soil (sandy loam) 
C:Small filtration soil (clay loam) 
D: Very small filtration soil (clay) 
The model has efficiency which is estimated by the stochastic equation 
The result tables of UTHBAL are presented in Appendix Table A6 
 
Where, 
Qobsi= Observed runoff of month i 
Qsimi=Estimated runoff of month i 
=mean observer runoff of month i 
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Before the implementation of the model for the reference period 1960-2000 the model 
needs to be calibrated and validated for two 6-year periods in order to adjust the 
parameters of the model. 
 
5.1 UTHBAL results   
 
The calibration period is from year 1963 to 1968 and the efficiency is 0.622 which is 
considered fairly sufficient. There a significant  percentage volume difference though 
(%DV) of 34%.The mean monthly estimated runoff Qc is 58.50 mm and the mean 
monthly observed runoff Qo is 89.16. The results of calibration are presented also in 
table 9.This is expected since the model shows that the estimated runoff is lower than 
the observed. In addition there is an underestimation of the runoff for the months that 
had extreme observed runoff values which can be shown in figure 11.  
Table 9 The results of the calibration period 
Calibrattion  Period 1963-1968 Results 
Eff 0.622 
R2 0.522 
%DV 34.39 
Average Qc (mm) 58.50 
Average Qo(mm) 89.16 
 
 
 
 
  -30- 
 
Figure 11 The difference in observed and estimated runoff for the calibration years 
1963-1968  
 
 
 
For the validation period the years 1988-1993 are selected. The model's efficiency for 
the validation period is 0.778 and it is considered fairly high. Again there is a large 
deviation  of 19.64 % of the estimated Qc and observed Qo runoff. The mean monthly 
estimated runoff of the validation period is 36.72 mm and the mean monthly observed 
runoff is 45.70 mm. The results are presented at table 10 and the deviation at figure 
 
Table 10 the results of the validation period 1988-1993 
Validation  Period 1988-1993 Results 
Eff 0.778 
R2 0.663 
%DV 19.64 
Average Qc (mm) 36.72 
Average Qo(mm) 45.70 
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Figure 12 the deviation of observed and estimated runoff of the validation period 1988-
1993 
 
After having adjusted the parameters through the calibration and the validation 
procedure the UTHBAL model can extract the results for the entire reference period of 
years 1960-2000.The results are presented in table 11 and the deviation of the estimated 
and the observed runoff for the entire period at figure 13. 
 
Table 11 The UTHBAL results of the reference period 1960-2000  
Reference Period 1960-2000 Results 
Eff 0.546 
R2 0.677 
%DV 1.358 
Average Qc (mm) 53.17 
Average Qo(mm) 68.86 
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Figure 13 the deviation of the estimated and the observed runoff for the reference period 
 
The efficiency of the model has dropped  at 0.546 but also the deviation has dropped 
significantly to 1.358% .The model performance is affected by the lack of continuity in 
observed runoff data ,the observation are till the year 1993.The  mean monthly  
estimated runoff is 53.17 mm and the mean monthly observed runoff is 68.86mm. 
Again we notice an underperformance of the model in the estimation of extreme values 
and an underestimation of the estimated runoff. 
 
 
6. Estimation of active 
storage 
Hydropower is considered the most efficient of the Renewable Energy Resources with 
efficiency factor n>0.9 in most cases. The hydroelectric power comes from the potential 
energy of stored  water which drives a water turbine connected to a  generator. The 
power extracted from the water depends highly on the volume and on the difference in 
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height  (ΔΗ) between the source and the water's outflow. This height difference is called 
the head. (28) 
P = m x g x Hnet x η 
Where: 
P:power, measured in Watts (W). 
m:mass flow rate in kg/s (numerically the same as the flow rate in litres/second because 
1 litre of water weighs 1 kg) 
g:the gravitational constant, which is 9.81m/s2 
Hnet:the net head This is the gross head physically measured at the site, less any head 
losses. To keep things simple head losses can be assumed to be 10%, so Hnet=Hgross x  
η:the product of all of the component efficiencies, which are normally the turbine, drive 
system and generator (29) 
The storage capacity of a water reservoir can be separated in three volumes: the active 
volume which refers to the useful volume available for the fulfilling of the reservoir's 
purpose (water supply, hydropower production ), the dead volume which is used for 
sediment accumulation and the flood volume which is used for protection of the 
downstream areas in flood events. (30) 
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Figure 14 the volume zones of a water reservoir (30) 
 
The purpose of this study is the estimation and comparison of the active storage of a 
reservoir for energy production  in the basin of Mouzaki for a reference  period (1960-
2000) and two future periods of equal length of 40 years. The first future period is 2011-
2050  and the second future period is 2051-2090. 
The estimation of the active storage will be done separately for the three periods using  
a diagram of accumulative volume of  flow for two consecutive years for calibration. 
 
6.1 The active storage of the reference period 
For the procedure is needed the following data: 
The inflow Qin (m
3 /s )which is calculated by the equation below 
 
 
where 
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Qc  : mean monthly estimated runoff (mm) of the period 1960-2000 
 A : The total area of the basin (m2) 
the flow demand for the electric power production which will be steady for all periods  
Qdem=2 m
3 /s 
Also,the environmental discharge need to be calculated. As environmental discharge is 
defined the minimum water flow that must exist in a river or any aquatic ecosystem in 
order to be preserved and restored from the disturbance of flow that occurs from human 
activities. (31)  According to Greek legislation the environmental discharge downstream 
of any establishment should be the larger of the following values: (32) 
30% of mean discharge of the summer months for each period 
50% of mean discharge of all Septembers for each period 
or  30l/s at any case 
 
So for the reference period the environmental discharge Qeco=0.357 m3/s 
Table 12 ecological discharge for 1960-2000 
   Qin Qeco Ave 
JUN 1.72 0.517 0.357 
JUL 1.143 0.342   
AUG 0.709 0.212   
SEP 0.489 0.244   
 
In the table 13 is presented the cumulative flow diagram for the reference period. The 
mean monthly estimated runoff which estimated via UTHBAL (column 2) is converted 
into mean monthly discharge(column 3) with the above mentioned equation. Then ,they 
are added (column 4). The environmental discharge (column 5) and the power flow 
demand (column 7) are added too. The last column presents the differences of the 
inflow(Qin) and the total outflow (environmental discharge and power production 
discharge) of each month. The table is plotted for two consecutive years for calibration. 
Since there is not negative value in end of the first year ,the purpose of the reservoir is 
fulfilled and the active storage can be estimated.  
Table 13 table of cumulative volumes of 1960-2000 
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The active storage is calculated by the equation 
 
where 
Vac: active volume m
3  
 : the absolute minimum value of difference =Qin-( Qeco+Qdem) of the first year 
: the absolute maximum value of difference of the first year 
:the remaining volume at the end of the year 
1 2 3 4 5 6 7 8 9 10 
  mm Qin ΣV eco SV demand sv SV diff 
oct 11.719 0.652 0.652 0.358 0.358 2 2 2.36 -1.71 
nov 27.355 1.521 2.172 0.358 0.715 2 4 4.72 -2.54 
dec 72.255 4.017 6.189 0.358 1.073 2 6 7.07 -0.88 
jan 99.945 5.556 11.746 0.358 1.431 2 8 9.43 2.31 
feb 113.446 6.307 18.053 0.358 1.789 2 10 11.79 6.26 
mar 103.918 5.777 23.830 0.358 2.146 2 12 14.15 9.68 
apr 83.195 4.625 28.455 0.358 2.504 2 14 16.50 11.95 
may 53.112 2.953 31.408 0.358 2.862 2 16 18.86 12.55 
jun 31.017 1.724 33.132 0.358 3.220 2 18 21.22 11.91 
jul 20.560 1.143 34.275 0.358 3.577 2 20 23.58 10.70 
aug 12.771 0.710 34.985 0.358 3.935 2 22 25.94 9.05 
sep 8.796 0.489 35.474 0.358 4.293 2 24 28.29 7.18 
oct 11.719 0.652 36.126 0.358 4.651 2 26 30.65 5.48 
nov 27.355 1.521 37.646 0.358 5.008 2 28 33.01 4.64 
dec 72.255 4.017 41.663 0.358 5.366 2 30 35.37 6.30 
jan 99.945 5.556 47.220 0.358 5.724 2 32 37.72 9.50 
feb 113.446 6.307 53.527 0.358 6.082 2 34 40.08 13.45 
mar 103.918 5.777 59.304 0.358 6.439 2 36 42.44 16.86 
apr 83.195 4.625 63.929 0.358 6.797 2 38 44.80 19.13 
may 53.112 2.953 66.882 0.358 7.155 2 40 47.15 19.73 
jun 31.017 1.724 68.606 0.358 7.512 2 42 49.51 19.09 
jul 20.560 1.143 69.749 0.358 7.870 2 44 51.87 17.88 
aug 12.771 0.710 70.459 0.358 8.228 2 46 54.23 16.23 
sep 8.796 0.489 70.948 0.358 8.586 2 48 56.59 14.36 
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All values in table 13 are in m3/s so in order to convert them to volume for the equation 
implementation  we multiply by 24*30*3600 
 
So for the reference period the active storage has been calculated : 
Vac=20.497 * 10
6 m3     
Afterwards,the hydrograph of inflows and outflows of each month is constructed (figure 
15) and the cumulative volume  diagram  of inflow and outflow of the first hydrologic 
year of the estimation (figure 16) 
 
 
 
Figure 15 Hydrograph of mean monthly inflows and outflows of the reference year 
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Figure 16 cumulative volume  diagram  of inflow and outflow of the first hydrologic year of 
the estimation for the reference period 
 
 
 
 
6.2 The active storage of the future periods 
 
For the estimation of the active storage of the future periods we need to estimate the 
initial meteorological data. Thus the KNMI-RACMO2 model is implemented. The 
KNMI- RACMO2 model is a regional climate model and with high resolution which is 
suitable for smaller areas (33).It was developed by the Royal Netherlands 
Meteorological Institute (Koninklijk Nederlands Meteorologisch Instituut) and it is 
based on model ECHAM5 which is a global circulation model. With horizontal 
resolution of 25 km×25 km, it produces a European-Mediterranean grid of longitude = 
85° and latitude = 95° grid cells in a rotated latitude-longitude projection. (34). 
The results of the model cover a period from year 2000 to year 2100(figure 17,18). 
Since the reference period's length  is 40 years ,two future periods of 40 years each are 
selected for the estimation of future active storage. The first future period is 2010-2050 
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and the second period is 2051-2091.For both periods the same methodology as the 
meteorological data of the reference period is implemented. 
 
 
Figure 17 estimation of future mean annual temperature of the station of Argithea for 
years 2000-2100 
 
 
Figure 18 future estimation of the mean annual temperature of the stations for the years 
2000-2100 
 
The methodology of temperature lapse rate and precipitation lapse rate are implemented 
for the future periods. The figure 19 presents the mean annual temperature of the bazin 
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of Mouzaki and the figure 20 shows the mean annual precipitation of the basin of 
Mouzaki for the years 2000-2100. 
 
 
Figure 19 mean annual temperature of the bazin of Mouzaki for  the years 2000-2100 
 
Figure 20 mean annual precipitation of the basin of Mouzaki for the years 2000-2100 
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In addition , new PET need to be calculated in order to estimate the future runoff via 
UTHBAL. At the figure 21 is shown the future mean annual PET. 
 
 
Figure 21 future potential evapotraspiration 
 
 
The result tables of the calculations can be found on Appendix  
6.2.1 The active storage of the first future period 
 
After having estimated the future runoff for the future periods the estimation of active 
volume can be executed. The environmental discharge of the period is Qeco=0.237 m3/s 
as it is estimated in table 14.In table 15 is shown the mean  monthly inflows and 
outflows and they will be used for the estimation of the active storage volume.  
Table 14 Environmental discharge for 2011-2050 
  Qeco Ave 
SEP 1.300471 0.390141 0.237758 
OCT 0.709437 0.212831   
NOV 0.367667 0.1103   
    
 
Table 15 cumulative volumes of 2011-2050 
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  mm m3/sec ΣV eco SV demand sv SV diff 
oct 8.213617 0.456629 0.630826 0.237758 0.237758 2 2 2.237758 -1.60693 
nov 24.78233 1.377752 2.008578 0.237758 0.475515 2 4 4.475515 -2.46694 
dec 65.81521 3.65894 5.667518 0.237758 0.713273 2 6 6.713273 -1.04575 
jan 88.79833 4.936666 10.60418 0.237758 0.95103 2 8 8.95103 1.653154 
feb 101.2808 5.630621 16.23481 0.237758 1.188788 2 10 11.18879 5.046017 
mar 84.12926 4.677093 20.9119 0.237758 1.426545 2 12 13.42655 7.485353 
apr 65.46406 3.639418 24.55132 0.237758 1.664303 2 14 15.6643 8.887013 
may 43.99392 2.445804 26.99712 0.237758 1.902061 2 16 17.90206 9.09506 
jun 23.39224 1.300471 28.29759 0.237758 2.139818 2 18 20.13982 8.157773 
jul 12.76101 0.709437 29.00703 0.237758 2.377576 2 20 22.37758 6.629453 
aug 6.613419 0.367667 29.3747 0.237758 2.615333 2 22 24.61533 4.759363 
sep 4.172908 0.231989 29.60669 0.237758 2.853091 2 24 26.85309 2.753594 
oct 8.213617 0.456629 30.06331 0.237758 3.090849 2 26 29.09085 0.972466 
nov 24.78233 1.377752 31.44107 0.237758 3.328606 2 28 31.32861 0.11246 
dec 65.81521 3.65894 35.10001 0.237758 3.566364 2 30 33.56636 1.533643 
jan 88.79833 4.936666 40.03667 0.237758 3.804121 2 32 35.80412 4.232551 
feb 101.2808 5.630621 45.66729 0.237758 4.041879 2 34 38.04188 7.625415 
mar 84.12926 4.677093 50.34439 0.237758 4.279636 2 36 40.27964 10.06475 
apr 65.46406 3.639418 53.9838 0.237758 4.517394 2 38 42.51739 11.46641 
may 43.99392 2.445804 56.42961 0.237758 4.755152 2 40 44.75515 11.67446 
jun 23.39224 1.300471 57.73008 0.237758 4.992909 2 42 46.99291 10.73717 
jul 12.76101 0.709437 58.43952 0.237758 5.230667 2 44 49.23067 9.20885 
aug 6.613419 0.367667 58.80718 0.237758 5.468424 2 46 51.46842 7.33876 
sep 4.172908 0.231989 59.03917 0.237758 5.706182 2 48 53.70618 5.332992 
 
Again, the calibration shows no negative values at the end of first year ,so for the first 
future period 2011-2050 the active storage volume is  
Vac=22.831 * 10
6 m3   
 
At figure 22 is shown the mean monthly inflow and outflow of the first future period 
and at figure 23 is shown the cumulative volume diagram of the period 
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Figure 22 the mean monthly inflow and outflow of the first future period 
 
 
Figure 23 the cumulative volume diagram of the period 2011-2050 
 
6.2.2 The active storage of the second future period  
 
For the second future period of years 2051-2091 the environmental discharge is shown 
below(table 16).The steps of methodology are the same with the previous periods. At 
table 17 are presented the mean monthly inflows and outflows. 
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Table 16 ecological discharge of 2051-2091 
 
 
 
 
Table 17 cumulative volumes of 2051-2091 
  mm m3/sec ΣV eco SV demand sv SV diff 
oct 8.357035 0.464602 0.464602 0.233607 0.233607 2 2 2.233607 -1.769 
nov 24.64691 1.370224 1.834826 0.233607 0.467214 2 4 4.467214 -2.63239 
dec 65.86993 3.661982 5.496808 0.233607 0.700821 2 6 6.700821 -1.20401 
jan 89.52625 4.977134 10.47394 0.233607 0.934427 2 8 8.934427 1.539514 
feb 102.2213 5.682907 16.15685 0.233607 1.168034 2 10 11.16803 4.988815 
mar 84.80812 4.714834 20.87168 0.233607 1.401641 2 12 13.40164 7.470042 
apr 64.49695 3.585652 24.45734 0.233607 1.635248 2 14 15.63525 8.822087 
may 43.23235 2.403465 26.8608 0.233607 1.868855 2 16 17.86885 8.991945 
jun 23.1742 1.28835 28.14915 0.233607 2.102462 2 18 20.10246 8.046688 
jul 12.4713 0.693331 28.84248 0.233607 2.336069 2 20 22.33607 6.506412 
aug 6.374552 0.354388 29.19687 0.233607 2.569676 2 22 24.56968 4.627193 
sep 3.997673 0.222247 29.41912 0.233607 2.803282 2 24 26.80328 2.615834 
oct 8.357035 0.464602 29.88372 0.233607 3.036889 2 26 29.03689 0.846829 
nov 24.64691 1.370224 31.25394 0.233607 3.270496 2 28 31.2705 -0.01655 
dec 65.86993 3.661982 34.91592 0.233607 3.504103 2 30 33.5041 1.411821 
jan 89.52625 4.977134 39.89306 0.233607 3.73771 2 32 35.73771 4.155348 
feb 102.2213 5.682907 45.57596 0.233607 3.971317 2 34 37.97132 7.604648 
mar 84.80812 4.714834 50.2908 0.233607 4.204924 2 36 40.20492 10.08588 
apr 64.49695 3.585652 53.87645 0.233607 4.438531 2 38 42.43853 11.43792 
may 43.23235 2.403465 56.27992 0.233607 4.672137 2 40 44.67214 11.60778 
jun 23.1742 1.28835 57.56827 0.233607 4.905744 2 42 46.90574 10.66252 
jul 12.4713 0.693331 58.2616 0.233607 5.139351 2 44 49.13935 9.122246 
aug 6.374552 0.354388 58.61598 0.233607 5.372958 2 46 51.37296 7.243027 
sep 3.997673 0.222247 58.83823 0.233607 5.606565 2 48 53.60656 5.231667 
 
 
The active storage for the second future period is: 
 Vac=23.353 * 106 m3 
    Qeco Ave 
SEP 1.28835 0.386505 0.233607 
OCT 0.693331 0.207999   
NOV 0.354388 0.106316   
DEC 0.222247 0.111124   
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At figures 24 and 25 are shown the diagrams of mean monthly inflows and outflows of 
the period and the diagram of cumulative volume of the period  
 
Figure 24 mean monthly inflows and outflows of the period 2051-2091 
 
 
Figure 25 diagram of cumulative volume of the period 2051-2091 
 
The calculated volumes for each period are also  presented for comparison in the figure 
below(figure 26) 
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The visual increase is  presented numerically in table 18 
Table 18 the percentage difference of active volume  
 1960-2000 2010-2050 2051-2091 
volume 20.49682938 22.83137884 23.35003097 
%increase from the 
past period 
 11.4 13.9 
 
 
In the following  tables are presented the percentage change of temperature,(table 
19)precipitation (table 20) and PET(table 21) 
Table 19 changes in mean monthly temperature of the basin of Mouzaki 
  
1960-
2000 
2011-
2050 %diff 
2051-
2091 %diff 
oct 14.78461 14.6681 -1% 15.73272 6% 
nov 9.260897 10.459 13% 13.50274 46% 
dec 5.836294 5.630573 -4% 7.537992 29% 
jan 4.928944 4.739621 -4% 5.732124 16% 
feb 5.571822 5.805191 4% 6.417711 15% 
mar 5.576025 8.03628 44% 10.46618 88% 
apr 10.66399 11.85079 11% 13.4023 26% 
Figure 26:the active volumes of the reservoir in each period 
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Table 20:changes in mean areal precipitation in the basin of Mouzaki 
  
1960-
200 
2011-
2050 %diff 
2051-
2091 %diff 
oct 150.8085 220.63773 46% 217.9118 44% 
nov 187.5998 220.56223 18% 202.8598 8% 
dec 207.987 370.98395 78% 176.8132 -15% 
jan 145.8554 97.831195 -33% 135.0996 -7% 
feb 163.7231 47.201976 -71% 123.415 -25% 
mar 133.4309 72.667288 -46% 92.10163 -31% 
apr 121.972 45.687307 -63% 65.05554 -47% 
may 83.01978 83.039567 0% 33.47666 -60% 
jun 34.91645 21.080672 -40% 17.85509 -49% 
jul 25.41332 1.2057021 -95% 24.93716 -2% 
aug 29.08764 16.811325 -42% 33.16499 14% 
sep 53.82185 63.03038 17% 40.60014 -25% 
 
  
Table 21:changes in Potential Evapotraspiration in the basin of Mouzaki 
  
1960-
2000 
2010-
2050 %diff 
2051-
2091 %diff 
OCT 53.480012 52.29559 -2% 58.32197 9% 
NOV 23.265211 27.61985 19% 41.68604 79% 
DEC 11.607971 10.47952 -10% 16.80928 45% 
JAN 9.2744842 8.720637 -6% 11.59031 25% 
FEB 11.019276 11.45149 4% 13.39281 22% 
MAR 14.546404 23.79686 64% 34.01023 134% 
APR 37.663011 44.29436 18% 52.69008 40% 
may 15.86078 17.27134 9% 19.18578 21% 
jun 19.58223 20.61407 5% 23.33977 19% 
jul 21.52259 23.35526 9% 25.44234 18% 
aug 21.63701 24.6539 14% 27.07248 25% 
sep 18.45257 19.62931 6% 21.71553 18% 
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MAY 76.317002 86.935 14% 100.5275 32% 
JUN 105.18634 114.5093 9% 135.1392 28% 
JUL 123.04345 139.3515 13% 157.3982 28% 
AUG 115.85005 141.0739 22% 161.6383 40% 
SEP 80.315954 87.82785 9% 101.9271 27% 
 
 
7.Conclusions 
This study aims to estimate the active storage of a reservoir located in the basin of 
Mouzaki under the conditions of the ongoing climate change. The active storage of 
three time periods of 40 years were estimated and compared. The three periods were a 
past period 1960-2000 which used as reference period and two future periods of 2011-
2050 and 2051-2091. For the reference period the initial meteorological data were 
gathered from the established meteorological stations in the basin and for the future 
periods were estimatied by the regional climatic model KNMI-RAMCO2. For all data 
the same methodologies were implemented (temperature and precipitation lapse rate ) 
and the Potential Evapotraspiration was estimated for all periods. Afterwards, the 
processed data were utilized by the hydrological model UTHBAL and the surface 
runoff was estimated .Finally, the methodology of accumulative volume diagram was 
implemented for the estimation of the active storage volume of each period. The whole 
procedure extracted the following conclusions. The temperature for both future periods 
is rising constantly along with the PET which is highly dependant on the temperature. 
The precipitation on the other hand shows intense deviation. We notice increased 
amounts of precipitation during the months October, November, December and 
decreased amounts for the rest of the year. This means that extreme values may occur 
more frequently in the future  the form of floods and droughts. This is also shown in the 
estimation of the active storage. At the first three  months of the hydrologic 
year(October, November, December) the reservoir struggles to accumulate water since 
this period is after the drought period of the year. So, in order for the reservoir to satisfy 
the demand the water is stored ,thus the active volume increases 11.4 %at first future 
period and 13.9 % for the second future period.. Other  conclusions regard the 
  -49- 
UTHBAL model. We noticed that the model underestimates the surface runoff and also 
there is an underperforms at the estimation of extreme values. The proposal for the 
future studies has to do with the availability of the data. As it was mentioned in previous 
chapter the observed surface runoff lacks continuity since the data reach only the year 
1993 so the proposal is to implement the above methodologies in areas with larger 
amounts of data and also the implementation of other climate model is proposed. 
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Table A2 
 
OCT NOE DEC JAN FEB ΜΑΡ APR MAY JUN JUL AUG SEP YEAR 
1960-61 16.63 9.14 9.08 5.13 5.25 4.44 12.39 15.43 20.30 21.57 22.07 19.20 160.65 
1961-62 14.98 9.92 5.61 6.03 4.61 3.69 9.56 17.24 19.28 22.18 23.09 20.64 156.84 
1962-63 14.76 8.88 4.58 6.60 5.83 2.28 9.32 14.44 18.32 21.90 22.90 20.76 150.58 
1963-64 14.65 8.88 7.02 3.91 5.25 5.02 11.42 15.52 19.40 21.08 21.44 17.87 151.47 
1964-65 16.19 9.40 6.92 6.35 3.71 4.03 11.26 15.52 19.00 22.31 20.80 20.16 155.66 
1965-66 13.32 9.36 7.20 4.56 7.59 2.87 10.94 16.43 19.34 22.02 22.83 19.32 155.78 
1966-67 19.06 9.79 6.64 4.32 4.77 4.52 10.13 15.34 19.17 21.00 22.39 19.08 156.22 
1967-68 16.30 7.85 6.55 3.01 6.37 2.87 9.73 16.43 21.04 21.82 21.31 19.56 152.82 
1968-69 13.87 9.40 5.99 4.48 6.42 3.20 9.56 13.27 18.89 21.04 22.01 19.80 147.93 
1969-70 13.65 13.01 7.02 7.09 6.47 5.35 11.26 15.07 20.70 21.37 22.07 19.20 162.27 
1970-71 13.65 9.01 5.33 6.19 5.20 1.95 11.91 16.88 19.68 20.84 22.36 19.43 152.44 
1971-72 12.26 7.06 4.56 1.56 2.46 5.36 10.26 14.76 20.36 19.96 19.36 15.16 133.11 
1972-73 8.56 7.56 2.46 2.66 4.26 3.46 8.96 17.96 19.56 22.56 20.66 18.96 137.61 
1973-74 13.16 8.06 5.16 3.66 4.66 6.16 8.26 13.86 18.96 21.46 22.46 19.86 145.71 
1974-75 14.46 7.96 5.06 4.36 2.36 8.96 11.66 16.16 19.66 21.46 20.96 21.46 154.51 
1975-76 17.36 10.46 7.46 6.26 5.36 8.36 11.46 16.76 19.16 21.06 19.96 18.86 162.51 
1976-77 17.76 10.96 6.66 5.56 10.06 11.06 13.26 17.26 17.36 21.06 22.36 17.96 171.31 
1977-78 15.16 12.46 4.56 3.46 7.26 8.36 9.66 14.66 17.96 21.36 20.66 16.66 152.21 
1978-79 13.66 8.66 7.36 5.46 5.96 8.86 8.56 15.86 20.46 21.26 21.16 18.56 155.81 
1979-80 14.16 9.06 7.36 3.86 6.16 8.46 10.76 13.36 19.46 22.66 23.06 20.56 158.91 
1980-81 15.46 13.46 6.46 2.16 5.06 10.66 12.56 15.06 21.46 21.76 21.86 20.16 166.11 
1981-82 17.86 9.46 7.46 8.16 5.66 7.26 11.56 16.76 20.26 21.66 21.66 19.26 167.01 
1982-83 15.16 10.26 7.46 5.96 4.76 8.06 13.16 17.06 17.46 21.36 19.66 16.96 157.31 
1983-84 11.36 8.46 5.86 5.66 5.76 6.66 10.56 17.36 20.06 22.06 20.86 17.56 152.21 
1984-85 15.16 8.96 4.36 6.46 8.36 3.08 11.99 17.60 19.76 19.96 21.96 19.26 156.90 
1985-86 12.55 12.41 7.39 6.45 5.40 3.47 10.70 16.70 19.61 21.21 22.36 19.43 157.66 
1986-87 13.98 8.45 3.08 6.26 5.73 -2.16 10.78 16.79 19.38 21.04 21.10 21.31 145.75 
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1987-88 13.10 9.79 6.08 6.14 5.34 3.86 9.48 14.71 20.01 23.32 22.29 19.55 153.67 
1988-89 13.76 10.56 2.62 3.75 5.79 5.80 11.50 16.70 18.58 21.41 21.45 19.19 151.11 
1989-90 12.77 8.54 4.68 4.30 6.12 7.25 6.01 11.10 19.84 21.74 21.03 18.49 141.86 
1990-91 15.20 6.26 6.36 4.18 4.57 4.73 10.29 14.82 19.55 21.12 20.54 18.49 146.10 
1991-92 15.53 6.26 2.24 4.43 5.12 3.56 10.72 14.77 19.04 20.88 22.15 17.78 142.48 
1992-93 17.74 6.26 4.77 4.30 3.29 3.78 11.40 15.89 19.84 21.55 21.80 18.96 149.58 
1993-94 17.16 8.96 7.40 6.26 4.75 8.91 10.99 16.18 19.43 20.91 22.00 20.61 163.56 
1994-95 16.14 9.05 5.15 4.54 7.07 6.15 10.67 16.28 20.32 21.26 20.81 18.69 156.12 
1995-96 17.50 8.77 8.21 5.27 5.30 2.02 10.34 16.81 19.90 21.41 21.53 11.88 148.95 
1996-97 12.50 9.40 6.77 5.00 5.76 4.89 9.69 16.86 20.32 21.85 21.17 18.45 152.65 
1997-98 12.50 9.38 5.87 5.66 6.51 3.97 11.32 15.55 19.35 21.99 22.36 18.63 153.09 
1998-99 15.11 9.26 3.98 5.53 4.95 6.04 11.07 17.59 20.58 21.61 22.36 18.81 156.90 
1999-00 16.25 9.38 6.59 3.28 5.60 5.81 11.40 16.86 19.73 21.96 21.79 19.53 158.19 
2000-01 13.97 9.71 8.03 5.86 6.06 12.24 10.86 16.18 19.82 21.96 22.21 20.01 166.91 
2001-02 16.59 9.05 1.73 2.88 7.07 8.91 10.53 16.33 20.11 21.96 21.90 17.78 154.85 
AVERAGE 14.78 9.26 5.84 4.93 5.57 5.58 10.66 15.86 19.58 21.52 21.64 18.90 154.13 
S DEVIAT 2.05 1.59 1.73 1.42 1.40 2.87 1.34 1.37 0.84 0.63 0.88 1.65 7.77 
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Table A4 
HYD/YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
1960-61 59.0 140.5 267.8 101.5 54.5 135.6 80.9 37.6 22.0 42.1 16.2 10.4 968.2 
1961-62 181.0 162.2 165.1 88.6 178.4 328.0 86.8 34.5 33.4 6.5 7.4 154.7 1426.5 
1962-63 227.7 308.5 304.9 294.1 429.4 139.4 107.3 112.8 30.8 12.5 53.4 19.4 2040.2 
1963-64 273.2 98.9 227.9 96.3 89.1 149.5 75.8 119.4 46.1 24.7 31.6 89.3 1321.7 
1964-65 105.7 175.3 246.8 193.7 175.0 144.3 262.6 153.7 93.6 20.4 14.6 8.1 1593.7 
1965-66 87.5 352.2 210.3 280.7 116.1 175.5 149.1 131.2 107.3 13.9 27.8 60.2 1711.9 
1966-67 172.8 417.1 231.5 94.5 118.7 89.6 195.4 90.2 26.2 94.5 16.9 78.9 1626.3 
1967-68 75.9 94.2 171.4 159.1 94.3 86.9 64.7 95.0 56.4 3.4 33.1 58.1 992.6 
1968-69 169.0 159.1 284.0 143.1 216.4 177.6 47.5 38.1 28.9 14.2 21.6 81.4 1381.1 
1969-70 29.0 142.1 284.7 129.2 152.4 107.7 53.7 75.8 44.9 45.6 11.6 21.3 1098.2 
1970-71 91.1 93.6 184.6 156.9 233.1 276.9 48.9 40.8 24.7 13.4 35.8 59.7 1259.5 
1971-72 93.9 229.6 119.8 198.3 145.2 134.5 254.4 60.0 17.3 66.0 41.9 45.7 1406.7 
1972-73 274.2 100.9 60.2 180.7 186.5 202.9 50.3 49.4 20.7 21.3 70.1 58.6 1275.7 
1973-74 247.0 147.5 200.0 89.8 286.3 123.7 258.0 76.0 33.6 4.0 9.1 105.0 1579.8 
1974-75 249.7 200.1 59.2 36.3 209.0 90.4 84.2 75.3 69.6 25.7 57.8 28.0 1185.3 
1975-76 118.3 193.1 179.5 106.5 206.6 117.3 147.5 48.1 35.2 40.3 42.7 22.9 1258.0 
1976-77 160.7 161.1 330.0 79.5 57.0 39.0 94.5 28.0 25.7 5.1 19.1 88.2 1088.0 
1977-78 40.6 164.5 221.4 196.4 130.1 109.9 150.1 50.9 17.2 5.8 5.0 165.4 1257.4 
1978-79 102.6 116.8 203.7 213.1 240.7 58.8 190.0 167.2 25.2 44.1 21.9 44.8 1428.8 
1979-80 300.2 203.9 239.6 197.2 131.1 258.2 107.2 121.7 29.2 2.5 14.5 25.0 1630.2 
1980-81 331.5 148.3 263.7 335.8 178.9 49.4 94.6 85.3 31.2 12.3 31.9 56.4 1619.2 
1981-82 141.1 124.3 298.9 60.6 198.6 242.8 148.3 136.3 40.6 8.5 25.3 54.6 1479.9 
1982-83 127.5 201.3 201.6 50.1 127.3 71.8 38.5 34.7 77.7 48.2 26.4 35.7 1040.9 
1983-84 105.6 195.5 257.0 141.8 286.7 145.6 218.2 58.8 24.1 13.6 55.1 38.9 1541.0 
1984-85 12.9 158.4 135.5 240.4 72.9 147.3 165.9 72.8 14.2 15.0 7.3 11.8 1054.3 
1985-86 152.6 295.9 132.2 200.0 285.6 122.9 71.2 85.6 108.6 13.7 31.6 39.4 1539.2 
1986-87 194.9 84.0 134.4 290.7 143.4 217.8 113.2 71.6 29.1 8.7 33.8 9.4 1331.0 
1987-88 183.0 220.1 145.1 102.7 120.2 111.0 76.2 27.4 17.8 6.6 5.6 29.9 1045.6 
1988-89 108.9 218.9 198.1 38.2 140.1 126.7 101.5 81.6 35.5 73.9 7.9 17.7 1149.1 
1989-90 145.6 133.4 146.2 16.6 38.0 34.8 88.0 122.9 6.8 7.3 66.5 36.6 842.7 
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1990-91 79.9 181.7 361.6 94.0 148.3 116.2 208.5 130.0 16.1 20.2 48.3 12.1 1416.7 
1991-92 132.3 194.8 79.6 49.4 47.2 89.6 225.0 104.2 49.8 16.6 4.2 24.7 1017.5 
1992-93 183.6 153.3 168.0 151.6 226.5 101.7 81.0 113.4 23.6 9.6 10.4 18.3 1241.0 
1993-94 71.6 252.3 172.0 181.3 279.7 55.5 126.0 79.6 27.5 33.6 26.4 18.5 1324.1 
1994-95 308.9 188.7 216.9 189.1 77.4 167.9 85.6 88.1 31.8 63.0 37.9 98.7 1554.1 
1995-96 84.3 140.8 314.8 167.4 256.8 155.9 72.8 53.4 15.1 25.2 57.5 103.7 1447.8 
1996-97 224.3 191.2 208.1 241.0 86.2 97.9 129.3 109.8 20.9 7.4 34.7 61.3 1412.0 
1997-98 207.5 211.9 270.3 73.6 154.0 93.0 54.8 162.9 32.9 7.4 28.5 60.2 1357.1 
1998-99 79.9 330.6 296.6 137.0 164.6 184.7 84.1 73.8 15.2 39.1 39.9 72.0 1517.4 
1999-00 127.8 300.3 225.0 75.9 191.4 72.7 68.5 56.8 27.2 17.0 19.8 57.2 1239.5 
2000-01 196.8 137.7 170.4 159.0 132.9 92.8 155.1 84.3 15.9 29.4 30.6 38.8 1243.6 
2001-02 74.1 154.5 147.1 94.4 69.6 160.4 207.8 47.9 17.2 84.9 39.8 139.6 1237.4 
AVERAG 150.8 187.6 208.0 145.9 163.7 133.4 122.0 83.0 34.9 25.4 29.1 53.8 1337.6 
S DEVIAT 79.6 73.6 71.4 76.7 80.9 64.1 63.7 37.6 23.9 23.1 17.4 39.0 238.4 
 
Table A5 
YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
1960-61 63.3 22.6 21.8 9.6 9.9 9.4 46.9 73.1 110.9 123.4 119.3 84.9 695.0 
1961-62 54.1 25.5 10.6 12.2 8.1 7.1 31.8 86.2 102.7 128.7 127.6 91.6 686.2 
1962-63 53.0 21.6 7.8 13.9 11.5 3.5 30.6 66.1 95.2 126.2 126.0 92.4 647.9 
1963-64 52.4 21.6 14.8 6.4 9.9 11.3 41.5 73.7 103.6 119.3 114.2 73.4 642.0 
1964-65 60.8 23.5 14.5 13.2 5.9 8.1 40.6 73.7 100.5 129.8 109.2 88.3 668.1 
1965-66 45.4 23.4 15.4 8.0 17.1 4.9 38.9 80.2 103.2 127.3 125.5 82.7 672.0 
1966-67 77.7 25.0 13.6 7.4 8.5 9.7 34.7 72.4 101.8 118.6 121.9 81.1 672.4 
1967-68 61.5 18.0 13.3 4.3 13.1 4.9 32.6 80.2 117.0 125.5 113.2 84.3 668.0 
1968-69 48.3 23.5 11.7 7.8 13.3 5.7 31.8 58.3 99.6 118.9 118.8 85.9 623.6 
1969-70 47.1 38.3 14.8 15.5 13.5 12.4 40.6 70.5 114.2 121.7 119.3 81.9 689.9 
1970-71 47.1 22.1 9.8 12.7 9.7 2.7 44.2 83.5 105.9 117.2 121.6 83.5 660.1 
1971-72 40.1 15.3 7.8 1.6 3.2 12.4 35.3 68.3 111.4 109.9 98.0 57.0 560.5 
1972-73 23.4 17.0 3.1 3.6 7.2 6.5 28.9 91.6 104.9 132.0 108.0 80.4 606.6 
1973-74 44.6 18.7 9.3 5.8 8.2 15.3 25.6 62.2 100.2 122.5 122.4 86.3 621.1 
1974-75 51.4 18.4 9.1 7.5 3.0 26.8 42.8 78.3 105.7 122.5 110.4 97.2 672.9 
1975-76 67.5 27.6 16.2 12.9 10.2 24.2 41.7 82.6 101.7 119.1 102.6 79.7 686.0 
1976-77 69.9 29.6 13.7 10.8 26.1 36.8 51.9 86.4 87.8 119.1 121.6 74.0 727.4 
1977-78 55.1 35.9 7.8 5.3 16.0 24.2 32.3 67.6 92.4 121.6 108.0 65.9 632.1 
1978-79 47.2 20.8 15.9 10.5 11.9 26.4 27.0 76.1 112.2 120.8 112.0 77.8 658.5 
1979-80 49.8 22.3 15.9 6.2 12.5 24.6 37.9 58.9 104.1 132.8 127.3 91.0 683.5 
1980-81 56.8 40.3 13.1 2.6 9.3 34.8 47.8 70.4 120.5 125.0 117.6 88.3 726.5 
1981-82 70.4 23.8 16.2 19.1 11.0 19.6 42.2 82.6 110.6 124.2 116.0 82.3 718.1 
1982-83 55.1 26.8 16.2 11.9 8.5 22.9 51.3 84.9 88.5 121.6 100.3 67.7 655.9 
1983-84 35.8 20.1 11.3 11.1 11.3 17.2 36.9 87.1 109.0 127.6 109.6 71.5 648.5 
1984-85 55.1 21.9 7.3 13.5 19.8 5.4 44.6 88.9 106.5 109.9 118.4 82.3 673.6 
1985-86 41.6 35.7 16.0 13.4 10.3 6.5 37.6 82.2 105.3 120.3 121.6 83.5 674.0 
1986-87 48.9 20.1 4.3 12.9 11.2 0.0 38.0 82.9 103.5 118.9 111.5 96.2 648.4 
1987-88 44.3 25.0 11.9 12.5 10.1 7.6 31.4 68.0 108.5 138.7 121.1 84.2 663.5 
1988-89 47.7 28.0 3.4 6.0 11.4 14.0 41.9 82.2 97.2 122.0 114.3 81.9 650.1 
  -61- 
1989-90 42.7 20.4 8.1 7.3 12.4 19.6 15.9 44.6 107.2 124.8 110.9 77.3 591.2 
1990-91 55.3 12.8 12.8 7.0 8.0 10.3 35.5 68.7 104.9 119.6 107.1 77.3 619.4 
1991-92 57.2 12.8 2.7 7.7 9.5 6.8 37.7 68.4 100.8 117.6 119.9 72.9 613.8 
1992-93 69.7 12.8 8.3 7.3 4.9 7.4 41.4 76.3 107.2 123.3 117.1 80.4 656.0 
1993-94 66.4 21.9 16.0 12.9 8.5 26.6 39.2 78.4 103.9 117.8 118.7 91.4 701.6 
1994-95 60.5 22.2 9.3 8.0 15.4 15.3 37.5 79.1 111.1 120.8 109.2 78.6 667.0 
1995-96 68.3 21.2 18.7 9.9 10.0 2.9 35.8 83.0 107.7 122.0 114.9 39.1 633.6 
1996-97 41.3 23.5 14.0 9.2 11.3 10.9 32.5 83.4 111.1 125.8 112.1 77.1 652.1 
1997-98 41.3 23.5 11.3 11.1 13.6 8.0 40.9 73.9 103.2 127.0 121.6 78.2 653.7 
1998-99 54.9 23.0 6.3 10.7 9.0 14.9 39.6 88.8 113.2 123.8 121.6 79.4 685.3 
1999-00 61.2 23.5 13.5 4.9 10.9 14.0 41.4 83.4 106.3 126.8 117.0 84.1 686.9 
2000-01 48.8 24.7 18.1 11.7 12.2 42.8 38.5 78.4 107.0 126.8 120.4 87.3 716.6 
2001-02 63.1 22.2 1.8 4.0 15.4 26.6 36.8 79.5 109.4 126.8 117.9 72.9 676.3 
AVERAGE 53.5 23.3 11.6 9.3 11.0 14.5 37.7 76.3 105.2 123.0 115.9 80.3 661.6 
S DEVIAT 10.8 6.0 4.6 3.8 4.1 10.0 6.7 9.5 6.7 5.4 6.9 10.1 34.7 
 
Table A6 
  OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1960 1.2 7.5 23.0 46.9 48.6 79.1 61.8 33.8 25.7 17.3 10.4 5.2 
1961 8.7 19.7 31.2 56.8 108.3 189.3 127.7 44.8 25.5 16.4 8.1 8.0 
1962 18.5 92.5 192.5 218.5 273.2 180.8 84.2 56.1 35.6 23.0 14.7 9.3 
1963 16.0 28.0 82.7 92.6 71.3 93.5 65.1 39.8 34.9 24.3 15.8 12.6 
1964 14.5 22.0 79.3 131.9 136.6 117.6 146.3 107.6 47.3 27.9 17.7 10.1 
1965 8.5 28.2 115.7 188.8 129.9 108.3 108.4 67.0 39.8 28.6 18.3 12.7 
1966 15.3 103.3 168.2 111.9 83.3 76.3 103.7 70.7 30.9 24.3 17.9 12.9 
1967 12.8 15.9 24.9 58.4 75.6 71.6 49.4 35.8 31.0 21.4 12.6 8.8 
1968 12.9 23.2 99.5 124.3 139.0 140.2 72.3 33.4 26.6 17.7 10.0 7.3 
1969 6.9 10.4 26.9 76.6 106.5 91.1 52.3 33.7 28.3 20.5 12.8 6.9 
1970 6.8 11.5 21.5 43.8 128.2 171.0 97.5 39.7 25.7 16.6 9.6 6.7 
1971 8.5 19.7 32.7 88.8 111.1 114.9 159.4 91.6 28.0 20.2 15.1 11.6 
1972 21.2 34.4 46.8 98.0 138.8 147.1 79.6 33.5 25.4 16.2 10.7 8.9 
1973 16.8 30.1 96.2 96.2 156.9 135.5 143.2 90.4 30.9 21.0 11.5 8.6 
1974 18.0 49.3 56.4 41.9 95.4 98.3 54.3 36.6 30.8 23.1 15.9 10.9 
1975 10.4 19.2 38.8 69.1 124.8 106.2 83.0 53.2 26.9 19.1 13.0 8.5 
1976 10.3 19.5 99.5 96.9 47.4 35.1 33.9 30.4 22.7 14.4 7.3 5.9 
1977 6.6 11.5 25.7 93.6 110.2 81.7 86.3 57.3 27.9 18.2 9.6 10.2 
1978 16.4 21.9 44.8 121.4 169.5 90.2 90.6 94.9 47.2 22.9 15.0 9.8 
1979 19.0 66.5 142.2 158.0 115.9 146.6 105.9 57.5 39.6 21.8 11.9 6.2 
1980 16.2 32.0 127.4 197.3 170.7 88.2 46.3 38.9 30.2 19.9 11.7 7.9 
1981 10.2 17.2 65.3 65.4 107.1 161.2 119.3 63.9 37.5 22.7 13.5 9.0 
1982 10.9 21.0 59.7 56.7 74.8 65.0 38.3 29.2 24.1 19.2 12.8 8.5 
1983 9.9 19.8 80.9 111.5 169.8 143.7 126.2 74.4 26.8 17.2 10.6 7.8 
1984 5.3 9.6 20.5 64.8 67.7 88.5 103.8 58.9 27.5 17.8 9.8 4.6 
1985 7.6 23.4 62.8 120.8 184.3 138.3 59.0 35.4 32.8 26.0 16.7 10.9 
1986 15.0 23.0 29.9 132.1 140.2 82.6 106.4 73.2 32.3 22.2 13.6 7.8 
1987 10.8 24.6 60.3 77.5 84.8 86.7 58.9 35.9 25.4 15.4 7.4 3.5 
  -62- 
1988 5.5 16.4 36.4 50.4 83.8 96.0 68.1 41.8 29.9 23.1 15.8 8.9 
1989 10.6 19.3 28.9 33.3 32.1 31.0 32.1 39.2 33.8 20.4 13.2 9.8 
1990 9.1 17.0 110.5 112.4 98.4 96.2 116.3 85.6 38.7 21.7 14.3 9.2 
1991 9.7 20.3 30.3 33.3 34.0 42.1 108.2 79.2 33.4 24.5 14.6 8.0 
1992 11.0 21.5 42.7 93.3 143.8 115.9 57.9 38.1 32.3 21.7 12.2 6.4 
1993 5.2 15.8 34.9 99.9 178.7 101.9 55.3 47.3 29.5 20.7 13.1 7.4 
1994 15.7 43.4 122.2 149.7 88.2 95.1 74.1 39.0 30.1 22.2 15.9 13.3 
1995 14.2 19.2 85.2 127.7 165.1 137.0 72.9 40.3 26.3 17.0 11.0 11.6 
1996 21.5 56.2 122.9 167.9 107.9 69.7 77.4 53.3 31.1 20.4 12.0 8.7 
1997 15.1 29.6 138.4 112.0 89.8 87.0 49.5 49.4 41.0 22.5 13.3 9.1 
1998 9.4 23.4 145.7 150.5 117.7 128.7 77.3 37.0 27.4 18.2 11.7 8.8 
1999 11.4 26.6 119.9 103.8 109.9 86.5 42.7 33.6 26.4 17.2 9.5 6.1 
2000 12.0 22.6 38.3 92.0 106.1 66.1 75.8 57.9 29.3 19.6 12.0 7.4 
2001 6.7 12.9 23.1 31.0 39.4 82.8 123.6 71.4 26.2 19.0 14.0 13.6 
AVERAGE 11.7 27.4 72.3 99.9 113.4 103.9 83.2 53.1 31.0 20.6 12.8 8.8 
S DEVIAT 4.6 19.9 46.2 45.5 47.2 36.9 32.3 20.5 5.8 3.2 2.7 2.4 
 
Table A7 mean monthly temperature for the basin Mouzaki 
 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
2002 12.8 6.1 7.6 4.4 3.6 7.4 11.6 17.3 14.9 21.5 24.3 18.3 
2003 14.7 11.7 1.9 5.2 5.6 8.1 10.4 15.8 20.6 23.6 22.8 18.2 
2004 12.8 7.6 5.4 2.6 5.2 7.4 6.0 15.0 19.0 24.9 23.4 18.0 
2005 15.5 8.5 5.3 3.0 3.6 8.0 12.3 17.3 18.3 23.0 22.9 19.2 
2006 12.6 10.8 5.4 2.6 5.4 8.9 9.0 13.1 21.6 21.2 26.3 18.3 
2007 15.7 7.2 5.4 5.2 6.5 7.4 10.8 14.9 19.9 23.0 21.1 18.1 
2008 13.9 8.9 4.9 5.3 6.2 9.9 8.7 10.9 17.6 23.4 21.5 18.8 
2009 15.9 13.6 6.9 0.2 3.6 8.8 13.5 15.6 17.6 20.0 24.6 19.0 
2010 14.3 12.3 3.9 6.3 5.9 9.2 13.8 16.8 21.3 24.5 24.4 18.2 
2011 13.9 11.9 5.2 5.2 6.3 8.0 11.2 14.2 18.4 23.5 24.7 18.1 
2012 13.6 9.3 5.3 3.2 5.8 1.3 9.2 16.4 20.3 23.6 21.9 18.1 
2013 14.3 9.6 5.7 5.3 5.5 8.2 13.9 17.4 20.1 24.1 23.5 22.4 
2014 13.6 13.7 4.9 5.2 6.7 8.7 9.6 18.8 21.3 20.2 21.5 18.3 
2015 14.6 13.9 5.3 5.2 5.4 6.9 11.2 11.2 18.3 19.8 21.4 18.1 
2016 14.6 8.8 5.3 2.5 3.6 7.3 10.8 14.5 16.7 19.7 21.2 17.5 
2017 14.0 6.5 7.2 6.2 6.0 9.0 12.5 14.6 18.8 21.1 23.3 19.2 
2018 13.8 10.9 5.3 2.9 6.0 9.3 14.0 18.7 19.3 22.6 22.2 18.1 
2019 12.9 8.2 5.4 3.0 5.4 8.1 10.7 16.5 16.8 24.2 24.7 19.2 
2020 14.1 8.3 5.3 2.7 5.3 7.5 11.2 18.8 18.3 23.6 25.9 20.7 
2021 13.5 5.6 5.3 5.1 4.0 4.5 11.2 17.1 16.0 24.0 26.0 19.3 
2022 13.9 14.7 4.8 3.0 5.8 -2.4 11.4 18.8 19.3 23.7 23.5 19.3 
2023 15.1 7.1 3.0 4.4 5.9 6.1 9.7 19.6 21.4 23.0 24.3 19.2 
2024 13.9 8.7 5.3 5.3 4.6 8.2 13.7 10.4 18.5 21.2 25.9 19.2 
  -63- 
2025 13.7 10.7 5.3 4.4 5.6 8.7 9.4 18.4 20.2 23.3 23.0 19.2 
2026 14.8 10.1 5.6 4.6 6.2 7.5 13.9 18.2 22.8 23.8 25.2 18.2 
2027 11.6 8.8 5.9 6.3 5.6 9.1 11.7 16.8 20.6 23.5 22.2 18.1 
2028 14.8 10.5 5.3 3.0 5.7 10.0 8.8 15.8 24.5 24.8 20.7 18.5 
2029 15.4 11.8 5.7 5.3 5.9 9.3 13.9 19.1 20.8 21.1 23.1 19.5 
2030 16.7 8.7 5.4 4.5 6.3 10.2 11.3 18.7 19.2 21.3 25.5 19.2 
2031 15.7 9.0 5.7 2.8 6.1 8.1 11.2 16.7 23.1 21.2 25.8 21.7 
2032 14.1 10.8 5.3 5.8 5.5 9.3 9.4 18.2 20.1 25.0 29.6 22.4 
2033 14.1 9.0 6.3 5.2 6.1 8.8 8.6 18.1 19.8 22.9 26.2 22.6 
2034 16.5 13.5 5.5 5.6 6.0 5.6 11.2 18.7 20.4 24.0 25.7 19.1 
2035 13.8 7.7 5.3 6.0 5.9 9.7 11.4 17.2 23.7 23.4 24.3 20.0 
2036 15.9 7.8 5.1 2.9 6.3 9.6 13.9 15.9 23.3 24.0 25.0 20.1 
2037 14.6 11.2 7.0 4.6 5.9 8.2 11.4 16.4 22.8 24.1 24.6 20.3 
2038 15.0 13.9 6.2 5.0 6.4 9.6 10.9 18.7 23.7 25.0 26.3 21.6 
2039 14.7 8.7 5.7 5.2 6.7 7.4 11.2 15.2 20.0 24.0 23.6 18.4 
2040 16.1 13.5 5.2 6.0 4.8 7.4 13.7 16.9 22.7 24.4 26.0 24.0 
2041 13.7 8.2 5.3 5.2 5.9 7.8 12.9 18.4 19.8 24.1 25.9 19.2 
2042 14.1 9.8 6.7 3.0 5.9 7.7 13.9 18.7 21.2 24.9 24.2 19.2 
2043 13.8 10.5 6.7 2.8 5.2 8.6 13.2 18.6 21.2 24.3 25.5 18.3 
2044 16.0 9.1 5.3 6.0 7.1 10.5 9.0 19.2 21.6 24.3 31.3 19.4 
2045 15.0 10.7 3.2 3.2 6.0 8.0 13.8 18.0 21.7 26.1 23.6 20.2 
2046 15.5 6.6 5.3 6.7 5.7 6.7 13.4 16.8 20.3 24.3 25.4 19.2 
2047 15.2 12.1 6.9 7.0 5.9 10.2 13.7 18.2 22.8 23.7 26.6 17.5 
2048 15.6 15.6 5.4 5.9 5.8 9.4 13.7 18.9 22.5 24.8 27.1 18.3 
2049 18.0 15.7 5.4 5.1 5.8 10.5 13.6 19.6 22.3 24.0 25.9 22.8 
2050 15.1 9.3 9.0 6.4 6.4 11.7 13.6 19.2 22.3 23.1 23.9 21.6 
2051 16.6 18.3 8.1 6.4 6.7 9.1 13.1 16.7 18.3 23.9 24.6 19.5 
2052 13.8 10.2 7.2 3.3 6.2 10.4 13.8 19.0 19.3 23.5 22.7 19.2 
2053 14.1 6.4 6.0 5.6 5.9 8.1 13.9 18.8 23.8 23.9 25.8 19.1 
2054 15.7 17.7 9.0 7.5 6.0 8.2 13.9 19.1 23.6 24.6 24.4 20.6 
2055 14.1 10.7 5.3 6.3 7.9 11.0 10.9 19.3 22.2 25.1 26.6 22.1 
2056 14.6 11.4 5.7 6.7 6.4 12.4 13.9 19.3 22.2 25.2 28.5 21.2 
2057 17.1 16.2 6.0 4.6 5.9 11.1 13.9 16.2 22.1 24.6 24.4 20.1 
2058 16.2 11.2 6.4 6.2 5.9 8.2 13.3 17.2 19.8 25.3 24.9 20.9 
2059 15.8 12.2 5.0 5.2 6.9 12.4 11.0 18.6 19.4 24.1 24.8 22.3 
2060 14.1 13.5 8.2 3.0 5.8 8.3 13.8 19.4 22.0 24.5 22.9 21.3 
2061 16.0 14.0 8.2 5.5 5.9 8.1 13.3 19.2 22.8 25.0 27.4 20.1 
2062 15.7 12.4 10.2 2.9 6.4 9.5 13.6 17.1 21.9 23.9 26.7 20.3 
2063 16.4 10.5 9.3 2.3 6.7 8.9 13.9 19.8 24.4 24.7 25.6 19.4 
2064 16.4 10.7 8.2 6.8 5.7 10.7 13.4 19.6 23.3 24.1 27.5 23.2 
2065 15.4 14.8 9.0 5.1 7.0 11.2 13.9 19.5 24.6 25.8 27.4 21.4 
  -64- 
2066 16.4 9.9 6.2 6.9 6.9 8.8 13.3 18.9 20.2 24.2 26.1 21.4 
2067 15.2 16.5 5.7 5.6 7.1 16.5 14.0 20.4 27.1 26.1 26.8 19.2 
2068 15.3 14.8 6.5 6.7 5.8 9.7 13.9 16.8 22.8 24.5 26.9 22.1 
2069 15.5 15.4 5.7 5.0 6.0 11.2 13.1 19.3 22.8 27.7 26.9 24.1 
2070 15.3 14.7 5.6 7.4 6.7 8.0 9.4 18.9 25.2 25.5 25.7 20.6 
2071 13.8 5.6 9.3 6.6 5.6 8.5 14.0 20.7 24.2 26.3 26.8 21.3 
2072 15.1 8.0 7.0 5.2 5.6 11.0 12.8 19.1 21.7 25.6 26.6 20.9 
2073 15.8 7.7 8.9 7.4 6.9 11.8 11.2 19.9 24.0 25.1 27.9 21.0 
2074 14.1 16.9 5.2 2.6 5.6 9.5 13.8 19.4 22.3 24.2 27.6 23.1 
2075 16.4 17.5 6.2 2.9 5.7 6.3 13.9 18.7 23.6 25.0 26.3 22.9 
2076 14.3 12.6 7.6 6.3 5.9 10.4 12.1 19.3 22.5 23.7 25.4 25.6 
2077 16.5 15.7 6.1 7.0 6.4 9.0 13.9 19.2 22.3 25.7 27.5 19.2 
2078 15.0 18.1 5.3 3.1 6.9 11.7 13.4 19.2 24.0 27.4 28.0 20.8 
2079 18.0 17.3 10.6 5.9 7.0 15.2 13.7 19.2 23.8 25.3 27.0 21.8 
2080 17.1 11.0 10.4 6.7 7.2 8.8 13.9 20.1 20.3 25.2 27.8 22.4 
2081 17.0 18.6 5.3 6.4 7.3 13.3 14.0 21.1 26.1 26.1 27.6 24.5 
2082 16.5 15.4 5.7 6.7 5.5 15.8 13.9 19.5 26.7 26.3 29.0 23.3 
2083 17.0 14.5 10.0 6.7 5.9 8.4 14.1 19.9 23.0 26.4 28.3 19.2 
2084 15.4 15.3 7.1 7.1 6.5 9.4 13.9 19.3 23.9 25.3 27.8 20.7 
2085 15.6 16.9 8.9 6.1 6.3 8.0 13.4 20.1 23.1 26.3 30.0 20.2 
2086 15.1 12.2 5.8 6.8 6.5 8.7 13.5 19.1 22.2 26.7 29.0 21.1 
2087 16.6 13.8 10.9 5.2 7.3 10.6 13.9 19.2 26.5 27.9 25.8 24.3 
2088 15.8 10.7 5.2 6.4 7.2 11.1 13.8 19.3 23.7 26.1 27.9 26.3 
2089 16.2 17.7 11.2 6.7 6.6 10.4 13.8 19.1 25.8 26.3 30.2 24.3 
2090 16.4 12.9 7.1 7.3 6.9 12.9 13.9 19.1 25.7 27.5 31.9 21.2 
2091 17.4 16.4 12.7 7.1 7.0 12.9 13.9 19.3 24.9 25.6 32.2 25.2 
2092 16.9 15.9 9.1 6.1 6.2 12.5 14.0 20.5 27.3 26.9 27.2 22.4 
2093 16.2 16.1 6.7 7.2 7.0 9.8 13.9 17.5 22.2 26.2 25.8 22.3 
2094 15.2 12.4 8.8 7.4 7.3 11.7 13.7 19.9 20.3 25.1 28.1 21.2 
2095 16.8 19.2 10.2 6.6 5.5 11.1 13.5 19.6 24.4 26.6 28.8 21.7 
2096 18.3 15.0 7.8 6.8 6.7 9.6 14.0 20.7 25.3 27.4 27.7 20.8 
2097 17.8 15.7 7.5 3.4 7.0 10.1 13.9 20.3 23.9 25.1 28.5 23.1 
2098 16.2 15.2 6.9 6.7 6.2 12.1 14.1 19.5 26.6 27.0 28.9 21.3 
2099 15.6 15.3 10.7 6.3 6.4 9.2 12.6 19.2 24.5 26.2 26.4 19.2 
2100 16.3 13.8 10.7 7.5 5.3 7.6 13.9 19.1 26.2 29.2 30.7 26.8 
 
 
Table A8 mean areal precipitation of basin of Mouzaki 
 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
2002 179.2 27.7 195.9 251.9 70.4 151.3 66.0 57.8 26.2 62.8 27.2 1.8 
  -65- 
2003 223.9 119.2 244.0 246.4 171.7 185.9 367.2 103.6 18.4 20.4 34.7 5.6 
2004 208.9 122.2 204.0 75.0 64.5 71.4 69.1 259.5 33.8 1.0 24.4 19.7 
2005 203.8 165.0 359.1 143.5 150.0 162.8 119.2 93.3 77.2 39.6 88.1 15.7 
2006 146.4 226.0 461.0 70.5 137.3 212.3 68.4 172.4 7.6 47.0 39.6 32.4 
2007 163.9 413.8 196.1 97.6 30.9 111.4 102.7 57.7 9.4 8.2 149.1 37.9 
2008 176.0 231.3 284.2 224.3 877.2 106.1 410.6 118.4 51.2 1.0 25.3 34.9 
2009 70.1 195.8 228.7 226.4 296.8 88.7 105.5 111.8 57.1 58.1 5.4 26.8 
2010 275.0 295.5 218.2 31.2 58.5 102.1 48.4 78.9 23.3 1.4 8.9 59.2 
2011 166.3 145.6 523.7 164.5 35.9 43.2 43.0 87.2 18.8 1.0 24.8 66.8 
2012 139.0 162.9 205.2 197.2 200.6 205.0 332.7 59.5 28.4 17.9 83.4 50.2 
2013 374.8 264.9 198.2 2.2 124.3 49.2 64.1 61.8 15.0 4.7 11.8 1.8 
2014 168.8 210.3 435.4 91.3 207.2 14.2 219.7 49.7 18.1 99.1 24.1 2.2 
2015 342.3 351.7 329.0 393.0 265.8 121.4 84.5 349.1 32.8 26.9 35.4 33.0 
2016 242.9 191.1 275.5 173.0 238.9 105.6 60.6 124.7 68.0 78.7 134.7 70.1 
2017 185.5 164.7 403.3 166.4 36.6 273.7 137.1 80.8 31.7 13.6 24.8 35.8 
2018 81.9 410.3 150.0 127.9 74.0 124.1 58.9 65.8 32.4 34.8 84.2 45.6 
2019 278.2 279.9 216.0 23.7 209.0 226.9 37.3 29.7 77.5 2.4 26.2 33.9 
2020 103.0 130.6 231.1 100.3 231.8 29.4 70.2 133.1 107.4 5.6 33.8 36.9 
2021 142.5 305.5 218.7 102.0 398.4 248.9 73.6 90.8 91.2 1.4 2.6 15.3 
2022 231.7 102.2 314.9 188.8 155.0 69.8 166.8 0.5 16.5 5.5 44.2 51.9 
2023 420.8 328.3 350.3 147.6 212.1 242.6 120.1 0.5 20.7 62.3 63.3 12.1 
2024 231.9 260.4 184.4 36.9 232.1 227.7 268.9 233.2 25.3 9.9 30.9 40.2 
2025 105.9 237.6 277.5 72.0 120.6 248.2 97.5 18.4 19.8 35.0 32.8 54.2 
2026 92.3 114.1 288.9 120.2 298.3 164.7 61.3 103.3 47.8 19.8 23.8 92.6 
2027 207.8 202.4 120.2 192.3 485.1 237.5 80.3 88.0 28.4 5.6 22.5 45.9 
2028 103.0 223.1 191.7 106.2 122.6 14.6 110.7 142.8 17.1 17.2 131.3 90.4 
2029 363.6 367.3 265.4 70.6 384.1 40.8 176.6 21.9 17.9 35.7 28.6 16.8 
2030 154.4 305.1 319.4 91.4 27.6 106.8 434.0 10.7 16.1 42.7 2.6 1.8 
2031 209.4 299.1 291.8 82.1 2.7 171.2 224.9 0.5 22.6 15.8 20.4 1.8 
2032 358.4 279.3 294.1 171.8 296.6 72.1 117.8 162.5 31.9 1.0 4.7 12.2 
2033 218.4 85.5 216.0 57.1 303.3 21.2 125.9 61.1 31.2 2.1 2.6 6.0 
2034 11.1 176.7 249.1 55.7 157.9 261.1 47.4 43.1 28.8 26.6 41.6 109.6 
2035 173.0 228.8 54.4 72.8 83.9 159.2 105.4 106.6 3.5 65.9 37.9 6.0 
2036 140.0 84.2 287.1 192.9 80.7 98.2 35.8 170.1 39.3 7.6 112.4 40.7 
2037 179.2 131.1 268.4 164.5 256.1 168.0 63.3 51.8 12.9 4.6 26.0 34.1 
2038 158.2 147.0 208.3 216.4 82.4 4.6 112.6 99.6 3.5 1.0 6.9 29.3 
2039 246.1 135.2 236.4 165.0 49.2 121.5 55.8 108.8 33.3 3.5 44.9 51.2 
2040 232.0 405.7 285.5 228.2 223.0 236.1 189.7 49.9 27.3 17.0 2.6 1.8 
2041 252.4 721.6 439.0 146.9 61.4 140.2 61.6 153.1 16.2 1.2 2.9 36.6 
2042 105.5 67.5 289.8 143.1 192.0 86.2 48.8 75.3 53.4 1.0 76.6 33.2 
2043 143.0 95.0 263.6 181.4 458.6 132.4 84.8 141.1 15.7 2.6 51.1 30.2 
2044 177.3 462.8 274.8 128.0 293.2 70.3 192.4 28.1 20.4 3.4 2.6 30.7 
2045 189.2 301.6 107.5 306.5 110.6 203.7 109.4 68.4 14.7 2.5 68.5 29.8 
2046 383.2 127.6 28.1 124.2 88.1 151.5 62.9 71.9 41.9 1.0 124.8 77.2 
2047 256.2 412.9 231.7 74.4 91.7 159.2 151.4 50.2 28.8 46.4 21.4 98.5 
2048 138.6 285.3 95.6 185.3 170.3 184.4 79.3 63.7 3.5 6.0 6.7 41.6 
2049 65.2 316.1 194.8 60.3 174.9 20.1 128.8 54.1 21.2 23.6 53.3 1.8 
2050 133.4 130.1 289.9 133.0 96.0 69.1 81.8 16.2 19.1 31.0 19.8 7.4 
  -66- 
2051 13.8 79.8 164.4 258.9 177.3 120.8 288.7 86.3 29.4 13.0 28.1 26.5 
2052 134.1 390.4 182.7 128.1 2.7 116.1 85.3 66.4 47.7 39.1 81.0 46.2 
2053 231.4 159.7 243.0 93.3 124.3 87.8 74.8 93.7 3.5 3.8 29.8 82.5 
2054 218.1 70.9 90.5 220.2 143.3 120.2 49.5 15.6 13.5 33.9 20.9 34.5 
2055 61.5 327.1 262.2 102.5 41.9 192.5 140.0 63.0 45.2 31.6 58.8 26.8 
2056 88.2 188.9 180.0 67.0 39.6 4.6 56.7 35.0 13.4 1.0 7.9 13.9 
2057 30.0 128.8 281.7 113.5 115.1 4.6 116.5 136.7 10.3 34.0 24.4 15.3 
2058 120.8 325.7 170.0 103.1 119.1 373.7 322.0 125.5 107.3 4.3 27.4 3.7 
2059 105.4 172.0 189.9 124.6 22.2 54.9 206.1 107.2 17.9 1.0 2.7 9.4 
2060 146.3 277.2 289.6 276.4 95.1 205.1 70.4 42.9 31.8 2.8 104.1 35.4 
2061 116.1 187.3 321.0 296.0 262.4 207.6 69.8 61.1 48.6 1.0 17.5 38.8 
2062 68.3 177.1 136.5 51.0 139.6 91.8 97.9 97.9 19.2 20.3 96.4 53.8 
2063 254.8 257.0 95.6 466.9 217.0 50.0 72.1 10.7 3.5 1.4 17.0 118.0 
2064 169.0 115.6 256.2 270.2 53.1 14.3 174.9 0.5 26.9 11.1 2.6 4.2 
2065 238.5 176.3 154.5 121.6 87.7 25.3 26.2 9.9 22.6 1.0 33.2 20.7 
2066 137.5 285.1 146.0 224.6 15.0 105.9 62.0 88.3 122.1 131.3 34.4 19.4 
2067 175.7 117.6 259.5 160.4 74.3 4.6 22.3 39.7 3.5 5.9 68.1 29.5 
2068 57.9 237.9 473.1 154.8 269.9 140.6 80.4 41.9 39.4 62.7 66.4 60.8 
2069 296.7 303.1 149.6 124.7 422.6 170.3 397.7 45.4 21.5 1.0 2.6 14.2 
2070 181.8 96.4 318.0 35.6 287.2 139.3 75.9 101.5 17.8 22.3 67.6 4.3 
2071 188.6 171.9 361.1 125.2 13.6 114.1 50.3 16.1 16.7 1.0 120.4 44.7 
2072 348.6 325.5 174.3 118.5 318.5 30.1 109.6 81.5 19.9 4.9 12.0 17.8 
2073 139.9 142.3 241.0 106.2 283.0 88.2 250.1 20.3 33.6 4.6 10.8 7.6 
2074 138.7 139.1 120.4 242.2 163.4 82.6 37.9 0.5 40.9 1.0 11.7 43.6 
2075 114.4 155.1 246.7 160.8 111.9 134.2 38.0 116.7 14.0 47.2 137.4 27.5 
2076 216.9 154.6 116.9 254.5 154.7 119.1 99.3 44.6 62.4 64.5 91.2 101.5 
2077 120.6 66.1 252.3 62.1 255.7 93.9 63.9 72.3 20.5 3.5 14.9 83.4 
2078 170.4 106.9 280.3 87.6 65.7 13.0 109.2 99.2 60.5 1.0 2.6 91.4 
2079 88.4 217.4 171.9 50.1 126.1 64.6 418.3 34.0 18.8 15.4 16.0 23.0 
2080 45.7 96.1 139.1 44.6 76.9 197.4 82.9 0.5 86.9 1.4 7.5 3.1 
2081 274.5 152.0 367.7 127.2 52.9 72.9 21.9 0.5 5.4 1.0 2.7 5.1 
2082 16.7 396.3 214.5 105.3 269.2 4.6 56.3 0.5 16.8 2.1 2.6 52.7 
2083 20.5 99.7 131.9 112.7 143.4 37.9 7.1 35.2 33.4 1.0 83.8 21.4 
2084 11.9 110.4 229.4 72.4 161.1 180.2 75.0 18.8 4.1 1.0 24.0 42.5 
2085 16.5 254.2 160.9 167.7 137.6 103.0 57.8 0.5 22.4 1.0 16.9 81.0 
2086 169.3 226.9 291.7 158.1 96.8 217.6 115.1 48.4 57.3 1.0 2.6 66.1 
2087 66.8 123.5 280.6 135.1 232.0 34.0 58.6 41.7 3.5 1.0 44.3 40.2 
2088 269.2 90.0 59.0 58.7 133.2 182.8 134.5 23.0 18.4 1.0 21.4 22.3 
2089 370.7 284.0 133.8 32.6 2.7 66.5 79.2 102.6 9.6 1.0 7.3 1.8 
2090 405.2 120.2 268.1 75.4 221.3 14.2 213.4 51.9 3.5 1.0 13.5 70.9 
2091 155.7 285.1 183.9 38.6 213.0 255.6 69.0 27.9 14.2 3.1 2.6 11.6 
2092 68.3 425.4 148.1 169.9 209.7 52.4 7.1 27.0 23.4 1.0 25.9 14.5 
2093 389.9 180.1 243.3 75.0 268.5 211.3 264.7 401.8 31.5 1.0 45.9 48.5 
2094 264.4 217.3 187.6 89.3 63.8 55.1 279.7 7.0 19.7 38.1 2.9 39.2 
2095 162.1 178.5 251.7 202.8 52.6 27.8 112.6 96.8 16.3 1.7 19.6 2.0 
2096 66.0 199.0 197.5 141.3 166.6 56.5 59.5 0.5 19.5 1.0 119.3 23.3 
2097 123.8 427.1 199.8 447.2 88.1 169.6 7.1 22.5 3.5 19.9 12.4 24.3 
2098 186.4 223.9 381.6 118.1 159.7 25.4 7.1 74.6 4.1 1.0 2.6 114.3 
  -67- 
2099 180.3 99.1 209.6 104.3 244.6 227.1 301.0 66.3 13.7 9.0 11.2 86.1 
2100 334.7 170.0 195.8 88.9 338.8 15.0 21.9 35.6 16.5 1.0 30.2 1.8 
 
Table A9 Future PET 
 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
2002 42.7 12.5 16.7 7.7 5.7 20.3 42.5 86.9 70.1 123.0 137.8 79.1 
2003 52.4 32.8 2.2 9.8 10.9 23.2 36.1 75.6 113.6 140.9 125.5 78.2 
2004 42.8 17.1 10.0 3.4 9.8 20.2 16.0 70.0 100.3 153.2 130.0 77.2 
2005 56.7 20.1 9.6 4.3 5.6 22.6 46.3 86.5 95.2 136.2 126.1 84.9 
2006 41.8 28.9 10.1 3.5 10.2 26.4 29.2 56.9 122.0 120.5 155.3 79.2 
2007 58.0 15.7 10.0 9.9 13.7 20.1 38.2 69.6 107.7 135.5 111.1 77.8 
2008 48.3 21.8 8.6 10.0 12.5 31.2 27.8 43.5 89.4 139.7 114.4 82.4 
2009 59.2 41.0 14.3 0.1 5.7 26.1 53.0 74.0 89.7 110.6 140.0 83.7 
2010 50.4 35.2 6.0 13.1 11.8 28.1 55.3 82.8 119.1 149.5 138.6 78.4 
2011 48.2 33.7 9.3 9.8 12.9 22.8 40.2 64.4 96.1 140.6 140.8 78.0 
2012 46.7 23.2 9.7 4.8 11.5 1.5 29.8 79.9 110.6 141.1 117.7 78.1 
2013 50.8 24.3 10.9 10.1 10.5 23.4 55.4 87.6 109.4 145.7 130.6 106.7 
2014 46.7 41.2 8.7 9.8 14.1 25.8 32.0 98.1 119.5 112.0 114.4 79.0 
2015 52.3 42.3 9.8 9.6 10.4 18.3 40.5 45.0 94.8 108.8 114.2 77.8 
2016 52.3 21.3 9.8 3.3 5.6 19.7 38.0 66.8 82.5 107.8 112.0 74.2 
2017 48.7 13.7 15.3 12.6 12.0 27.0 47.3 67.0 98.7 119.4 129.1 85.1 
2018 47.7 29.2 9.8 4.0 12.2 28.3 56.4 97.6 102.6 132.5 120.4 78.0 
2019 43.1 19.4 10.0 4.2 10.4 23.0 37.4 81.1 83.3 147.0 141.5 85.1 
2020 49.3 19.4 9.6 3.7 10.1 20.4 40.6 97.8 95.3 140.9 151.4 95.1 
2021 46.4 10.9 9.6 9.5 6.6 9.6 40.4 84.8 77.4 145.0 152.3 85.9 
2022 48.2 46.0 8.3 4.4 11.5 0.0 41.6 98.3 102.8 142.0 130.9 85.4 
2023 54.6 15.5 4.1 7.5 11.8 15.0 32.5 104.6 120.3 135.8 138.1 84.9 
2024 48.2 21.0 9.7 10.1 8.2 23.6 54.3 40.5 96.7 120.3 151.6 85.2 
2025 47.4 28.7 9.8 7.5 11.0 25.7 30.8 94.8 110.5 138.2 127.1 85.0 
2026 53.2 26.4 10.5 8.1 12.6 20.4 55.5 93.4 132.2 142.9 145.7 78.2 
2027 37.0 21.2 11.5 12.9 10.8 27.5 43.2 83.0 113.0 140.1 120.4 77.8 
2028 53.2 27.6 9.6 4.3 11.2 31.4 27.9 75.7 147.1 152.3 108.2 80.4 
2029 56.2 33.1 10.9 10.1 11.7 28.2 55.6 100.4 115.4 119.1 127.4 86.8 
2030 63.8 20.9 9.9 7.9 12.9 32.8 41.1 97.3 102.0 120.9 148.2 85.1 
2031 58.2 22.1 11.0 3.9 12.3 23.1 40.4 81.9 134.6 120.2 150.6 101.8 
2032 49.3 28.8 9.6 11.4 10.6 28.5 30.8 93.3 109.6 154.3 185.4 107.1 
2033 49.6 22.1 12.5 9.7 12.2 26.1 27.1 93.1 106.6 134.6 154.6 108.1 
2034 62.7 40.6 10.3 11.0 11.9 13.2 40.2 97.3 111.7 144.7 149.7 84.5 
2035 47.9 17.3 9.8 12.1 11.7 30.3 41.4 85.6 139.5 139.6 137.8 90.4 
2036 59.3 17.7 9.3 4.0 13.1 29.8 55.5 76.6 136.7 145.0 144.0 91.0 
2037 52.0 30.8 14.6 8.0 11.6 23.7 41.5 80.0 132.2 145.5 140.6 92.6 
2038 54.0 42.4 12.4 9.3 13.3 29.7 38.5 97.7 139.9 154.3 154.6 101.7 
2039 52.9 20.8 10.7 9.8 14.2 20.3 40.2 71.4 108.5 145.1 132.2 79.6 
2040 60.2 40.5 9.4 12.2 8.6 20.2 54.3 83.6 130.9 148.7 152.1 118.4 
2041 47.4 19.4 9.6 9.8 11.7 21.8 49.5 94.9 106.6 145.4 151.7 85.1 
2042 49.3 25.0 13.9 4.3 11.8 21.4 55.8 97.4 118.2 152.6 136.5 85.0 
  -68- 
2043 47.7 27.9 13.9 4.0 9.8 25.4 51.8 96.6 118.3 147.8 148.0 78.9 
2044 59.6 22.5 9.6 12.0 15.3 34.1 29.0 101.0 121.9 147.4 201.0 86.5 
2045 54.1 28.5 4.6 4.8 12.0 22.8 55.0 92.2 122.6 164.4 132.0 91.4 
2046 56.8 13.7 9.6 14.2 11.2 17.5 52.6 83.2 110.9 147.4 147.1 85.1 
2047 55.2 34.1 14.4 15.3 11.9 32.7 54.7 93.4 132.0 141.7 157.4 74.0 
2048 57.5 50.4 10.1 11.8 11.6 28.6 54.4 98.6 129.4 151.7 162.1 78.9 
2049 71.1 50.8 9.9 9.6 11.6 34.2 53.8 104.1 127.6 144.8 151.9 109.6 
2050 54.7 23.1 21.6 13.3 13.2 39.9 53.9 101.4 127.6 136.3 134.0 101.1 
2051 63.0 64.0 18.3 13.4 14.2 27.5 51.1 81.9 94.8 143.4 140.2 86.8 
2052 47.8 26.6 15.5 4.9 12.8 33.7 55.0 99.4 103.2 140.5 124.5 85.0 
2053 49.3 13.3 11.7 11.0 11.8 23.2 55.9 98.2 140.4 143.5 150.4 84.0 
2054 58.1 60.5 21.6 16.9 12.2 23.7 55.9 100.2 138.9 150.5 138.9 94.1 
2055 49.4 28.7 9.6 13.1 18.2 36.3 38.5 101.8 126.5 155.0 158.0 104.9 
2056 52.3 31.4 10.9 14.2 13.1 43.5 55.6 102.4 127.2 155.7 175.1 98.4 
2057 66.0 53.1 11.6 8.1 11.7 36.8 55.8 78.7 126.3 150.0 138.4 91.2 
2058 61.1 30.5 12.8 12.7 11.6 23.7 52.3 86.0 107.1 156.4 142.9 96.7 
2059 58.8 34.6 9.0 9.6 14.9 43.5 39.4 96.7 103.8 145.6 142.4 106.2 
2060 49.3 40.4 18.6 4.2 11.4 24.0 54.9 103.0 125.2 149.5 126.3 99.3 
2061 59.8 42.7 18.7 10.7 11.7 23.2 52.0 101.4 132.1 153.8 164.6 90.7 
2062 58.1 35.5 25.8 4.1 13.3 29.3 54.1 85.2 124.6 144.1 158.8 92.5 
2063 62.1 27.8 22.4 2.9 14.2 26.8 55.9 105.9 146.1 150.8 149.2 86.5 
2064 62.1 28.4 18.8 14.5 11.1 34.9 52.7 104.5 136.4 145.4 166.2 112.8 
2065 56.4 46.5 21.6 9.6 15.0 37.2 55.9 103.3 148.2 161.0 164.8 100.0 
2066 61.7 25.3 12.2 14.8 14.8 26.2 51.9 98.9 110.0 147.0 153.1 99.9 
2067 55.4 54.6 10.8 10.9 15.4 67.2 56.5 110.7 170.8 163.8 159.5 85.1 
2068 56.0 46.5 13.2 14.1 11.5 30.4 55.7 83.3 132.4 149.7 160.7 105.1 
2069 56.9 49.2 10.7 9.1 12.0 37.6 51.0 101.9 131.6 179.7 160.3 119.6 
2070 55.6 46.1 10.6 16.5 14.3 22.8 30.9 98.6 152.8 158.5 150.0 94.5 
2071 47.8 10.8 22.6 14.0 10.9 24.6 56.5 113.4 144.2 166.1 159.8 99.5 
2072 54.6 18.6 14.7 9.8 10.9 36.3 49.3 100.6 122.2 159.2 157.4 96.5 
2073 58.8 17.6 21.3 16.4 14.7 40.7 40.4 106.7 142.2 154.8 169.8 96.9 
2074 49.6 56.5 9.4 3.5 10.7 29.3 55.1 103.2 127.5 146.1 166.5 112.3 
2075 61.9 59.6 12.4 4.2 11.1 16.0 55.8 97.3 138.6 153.9 154.9 110.7 
2076 50.5 36.6 16.8 13.0 11.8 33.4 45.5 101.8 129.4 141.9 147.0 130.9 
2077 62.7 50.6 11.9 15.1 13.3 26.9 55.8 101.2 127.6 160.1 166.1 84.7 
2078 54.5 62.9 9.8 4.4 15.0 40.2 52.9 101.2 142.2 176.5 170.3 95.8 
2079 71.4 58.5 27.4 11.9 15.2 59.2 54.2 101.0 140.8 156.4 161.0 102.5 
2080 66.0 29.8 26.5 14.2 15.9 26.1 55.9 108.1 110.5 156.2 168.0 106.8 
2081 65.2 65.2 9.9 13.4 16.2 48.6 56.5 116.9 161.9 164.3 166.3 122.7 
2082 62.5 49.3 10.9 14.3 10.5 62.9 55.9 103.9 166.7 165.7 179.4 113.8 
2083 65.3 44.8 25.1 14.4 11.8 24.4 56.9 106.6 133.5 166.7 172.7 85.0 
2084 56.5 48.6 15.1 15.5 13.6 28.7 55.8 102.3 141.8 156.7 168.4 94.8 
2085 57.3 56.4 21.2 12.4 12.9 22.7 52.8 108.5 134.3 166.3 189.1 91.6 
2086 54.6 34.6 11.1 14.5 13.6 25.6 53.1 100.3 127.1 169.8 179.3 97.5 
2087 63.1 42.0 28.5 9.9 16.3 34.3 55.5 101.3 165.3 181.5 150.7 120.7 
2088 58.9 28.5 9.6 13.4 15.7 37.2 54.9 102.0 139.7 163.7 168.9 136.0 
2089 60.9 60.5 29.8 14.4 13.8 33.5 54.8 100.7 158.5 166.3 191.0 121.1 
2090 62.2 37.9 15.0 16.1 14.9 46.2 55.9 100.5 157.8 177.6 206.6 98.3 
  -69- 
2091 67.8 54.3 36.0 15.4 15.2 46.4 55.8 102.0 150.7 159.5 209.6 127.5 
2092 65.1 51.5 21.9 12.4 12.6 44.4 56.4 111.8 172.5 171.8 162.9 107.2 
2093 60.9 52.4 13.8 15.9 15.3 30.5 55.8 88.1 126.9 165.1 150.3 105.9 
2094 55.1 35.8 20.7 16.5 16.2 39.9 54.6 106.9 110.7 154.4 171.1 98.8 
2095 64.4 68.3 26.1 14.0 10.7 37.2 53.3 104.5 146.3 169.3 177.6 102.1 
2096 72.9 47.5 17.5 14.6 14.2 29.6 56.2 113.3 154.1 176.5 167.1 95.9 
2097 70.0 50.9 16.5 5.1 15.0 32.1 55.9 110.2 141.8 155.1 175.0 111.8 
2098 60.9 48.5 14.3 14.3 12.7 42.0 56.8 103.8 166.5 172.2 178.8 99.4 
2099 57.8 48.8 27.8 12.8 13.4 28.0 48.3 101.1 146.6 164.6 155.5 85.1 
2100 61.6 41.6 27.6 16.9 9.9 20.9 55.9 100.8 162.2 193.8 195.2 139.8 
2101 64.0 53.9 15.1 14.5 15.6 52.8 55.8 108.3 149.7 162.6 177.9 96.5 
 
 
 
 
 
Table A10 future runoff 
  OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
2001 21.5 26.6 44.5 139.1 108.4 86.3 62.7 33.2 27.1 20.8 13.9 7.4 
2002 11.9 22.4 49.9 147.3 166.0 134.7 201.9 118.5 31.0 20.3 11.9 6.5 
2003 11.2 22.3 53.2 68.2 56.0 48.3 48.1 109.0 75.2 21.9 11.8 6.4 
2004 10.9 23.0 135.2 147.2 114.5 113.3 81.6 45.8 32.4 25.4 18.7 13.7 
2005 14.5 26.5 208.8 160.6 86.1 127.8 79.4 72.4 52.8 21.0 13.6 8.3 
2006 11.0 87.5 146.3 103.9 50.3 51.8 59.4 42.9 27.5 16.9 13.4 13.3 
2007 16.5 35.5 149.9 183.9 441.4 287.8 207.1 149.9 44.5 24.3 14.1 8.7 
2008 7.5 14.5 35.5 92.1 172.9 146.2 83.7 49.6 34.5 27.8 18.8 10.8 
2009 17.7 88.1 151.2 86.0 36.1 50.5 43.8 31.7 25.1 14.9 6.7 4.0 
2010 9.3 18.9 172.4 188.5 75.5 35.2 33.1 31.3 26.4 16.5 8.2 5.6 
2011 9.7 19.2 47.0 114.5 150.7 133.8 208.8 122.1 27.5 17.8 11.8 9.8 
2012 22.5 128.6 161.5 77.0 50.0 46.1 35.1 31.3 23.8 13.9 6.4 2.4 
2013 6.5 18.9 150.9 138.8 122.8 78.4 81.0 62.5 24.9 18.6 14.1 7.8 
2014 17.4 125.0 221.0 269.4 229.9 127.1 58.5 157.0 107.2 24.3 16.2 10.8 
2015 16.7 34.9 143.4 153.6 151.6 122.3 57.6 39.6 36.9 30.3 27.6 26.3 
2016 29.8 76.7 218.4 186.6 69.1 123.9 115.5 50.9 30.8 21.4 12.6 7.5 
2017 7.4 44.4 102.5 107.6 72.3 70.2 52.0 31.4 24.5 16.6 11.7 9.6 
2018 18.3 94.0 152.3 84.6 100.2 151.3 82.1 30.2 25.1 18.0 9.3 5.2 
2019 6.5 13.4 27.1 62.4 135.1 87.4 34.4 34.3 33.6 26.3 15.6 9.3 
2020 11.2 39.6 126.5 112.4 197.4 220.0 102.5 40.7 33.6 26.0 14.1 6.7 
2021 12.3 22.0 89.3 137.3 128.7 68.5 89.3 65.1 21.3 12.2 6.3 4.6 
2022 20.2 160.0 231.6 163.7 155.0 174.5 112.4 45.3 20.5 13.3 9.4 5.9 
2023 11.7 39.7 109.0 77.4 114.9 160.3 162.1 155.2 75.8 22.6 13.2 7.9 
2024 8.8 19.9 99.5 93.0 78.0 139.2 101.7 40.6 22.8 14.3 8.3 5.6 
2025 7.0 12.2 36.0 81.0 170.8 153.6 65.6 33.4 27.8 18.3 9.9 7.5 
  -70- 
2026 15.6 30.3 72.2 121.9 269.2 235.2 85.6 35.8 29.5 19.0 10.2 6.3 
2027 7.7 18.0 49.0 79.1 89.5 55.4 34.6 48.8 38.2 18.7 14.2 15.3 
2028 45.4 185.3 218.8 107.9 191.8 129.2 62.7 49.1 22.6 14.3 8.4 4.4 
2029 7.0 23.2 153.6 131.8 49.3 43.0 199.1 131.1 22.1 14.4 7.9 2.9 
2030 8.1 31.2 153.1 126.1 46.5 64.4 121.6 73.6 21.8 12.7 6.4 2.6 
2031 14.6 90.6 185.0 161.6 181.3 109.1 61.0 65.7 41.6 21.2 10.2 4.0 
2032 9.6 19.2 32.0 46.8 154.4 105.9 44.8 40.3 27.1 17.2 8.1 3.0 
2033 1.2 6.7 22.8 33.9 74.0 154.7 94.7 30.8 22.7 14.2 7.9 7.3 
2034 14.1 27.9 40.9 50.3 59.3 87.5 74.5 44.0 29.1 19.1 12.6 6.8 
2035 7.8 13.8 38.4 109.5 98.1 63.6 43.4 35.9 32.7 20.8 14.1 11.5 
2036 14.6 23.5 83.7 124.5 163.3 142.1 66.3 33.1 24.5 13.8 6.6 3.6 
2037 7.5 16.3 28.4 111.1 98.3 43.4 33.5 33.9 26.2 14.3 6.1 2.7 
2038 10.4 23.4 75.2 118.2 71.2 64.4 53.5 35.4 30.9 20.3 11.5 7.9 
2039 14.3 105.5 194.0 184.8 165.2 165.4 130.2 61.4 25.8 15.7 7.5 2.6 
2040 10.1 241.8 347.3 193.5 71.5 76.5 58.6 36.0 31.8 20.3 10.0 4.9 
2041 6.4 10.5 23.7 76.3 127.2 90.1 42.9 31.0 25.0 15.8 9.2 6.8 
2042 9.4 15.8 36.1 102.9 254.3 189.1 61.7 39.2 32.8 19.7 11.0 6.9 
2043 10.4 106.1 193.0 138.4 165.4 104.0 92.5 67.4 22.9 13.0 5.3 2.2 
2044 7.8 25.3 70.2 161.6 142.9 126.2 84.8 39.4 26.4 15.2 8.5 5.9 
2045 18.5 53.7 48.3 61.7 70.9 91.2 62.9 32.8 26.8 17.1 11.6 11.5 
2046 19.6 144.3 189.1 98.2 62.1 88.5 88.3 50.3 25.2 16.3 9.4 7.3 
2047 12.0 25.1 50.9 107.3 129.1 123.4 69.6 33.1 24.1 13.2 5.6 2.8 
2048 3.5 15.7 56.4 60.6 98.1 70.0 34.4 32.7 23.9 14.4 8.2 4.3 
2049 5.8 13.7 44.2 88.2 82.9 49.5 36.1 30.6 20.5 12.1 6.3 2.7 
2050 1.2 2.5 10.4 27.1 97.5 99.8 141.3 91.5 30.2 20.3 11.3 6.2 
2051 8.2 53.7 118.6 114.8 59.0 35.2 37.0 33.8 27.3 19.4 13.6 10.7 
2052 16.7 29.9 117.2 108.3 83.2 70.2 44.0 33.9 25.8 14.2 6.9 5.3 
2053 12.9 19.7 21.9 44.3 90.2 91.3 51.8 28.4 18.2 10.0 5.1 2.8 
2054 3.3 17.2 102.0 104.8 52.1 83.5 95.4 52.0 26.4 17.4 10.4 6.3 
2055 6.2 14.4 27.8 35.6 36.3 32.6 28.0 22.9 14.8 7.1 2.4 0.9 
2056 0.9 4.8 20.0 43.8 73.6 53.3 32.3 34.6 29.7 18.9 10.8 5.5 
2057 6.3 21.7 81.4 90.0 83.4 194.9 226.9 103.2 36.6 27.2 15.8 8.3 
2058 7.2 14.9 27.9 64.3 53.6 33.6 70.1 58.4 30.1 19.1 9.2 3.7 
2059 6.3 20.6 111.9 178.2 128.9 122.1 76.2 31.3 22.7 13.2 8.5 7.3 
2060 8.2 16.6 82.2 182.9 202.5 161.6 77.2 32.3 24.8 15.1 6.9 3.5 
2061 4.0 11.0 21.4 26.9 32.4 47.8 47.1 38.1 29.5 18.7 12.3 9.8 
2062 16.6 61.6 75.2 197.3 222.4 110.3 45.9 29.9 18.6 8.9 3.5 4.4 
2063 11.3 19.3 52.6 151.3 102.1 36.0 47.8 39.7 20.6 11.5 4.8 1.5 
2064 8.7 22.0 32.1 71.4 74.5 44.9 30.1 22.4 13.4 6.2 2.5 1.5 
2065 4.9 19.7 52.4 126.4 84.4 38.7 38.1 33.1 30.5 28.4 22.0 13.5 
2066 14.8 21.6 63.0 110.2 79.9 38.9 25.6 19.2 11.2 4.4 2.5 2.6 
2067 3.0 12.0 141.4 157.5 166.0 130.9 56.9 32.8 24.7 16.8 11.4 8.3 
2068 17.5 88.6 119.6 101.4 223.9 183.2 200.5 119.3 23.9 13.2 5.2 1.8 
2069 6.7 14.3 50.3 51.7 137.8 135.9 62.8 38.0 27.9 16.5 9.8 5.7 
2070 9.4 22.0 129.6 132.6 57.4 44.2 40.7 28.2 17.7 8.6 5.8 6.0 
2071 17.7 126.9 151.4 103.7 176.5 110.4 34.5 33.4 25.9 15.2 6.9 2.9 
2072 5.6 14.6 31.3 66.0 156.3 106.0 116.3 80.0 21.9 12.3 5.2 1.9 
2073 5.0 12.5 20.3 50.9 116.8 86.5 39.3 26.8 17.4 9.6 3.8 2.0 
  -71- 
2074 4.8 11.6 25.4 81.0 97.0 92.9 57.3 31.8 25.4 15.7 12.4 10.3 
2075 14.5 25.9 33.7 127.6 140.9 88.0 58.0 37.8 25.6 18.7 14.0 12.1 
2076 13.9 16.1 26.1 39.3 129.8 107.5 44.2 32.0 24.0 13.6 5.9 4.3 
2077 10.3 16.9 45.3 72.6 58.5 38.1 32.5 32.1 26.6 16.4 7.0 4.7 
2078 6.9 14.8 27.1 33.3 52.6 46.6 167.7 115.7 22.9 12.8 5.9 2.6 
2079 2.2 5.5 13.0 18.4 21.1 29.5 36.0 29.9 22.1 15.0 6.6 2.3 
2080 10.2 22.8 124.1 131.6 60.0 36.6 32.9 24.0 13.1 5.4 1.6 0.5 
2081 0.4 15.7 85.2 94.6 150.9 94.6 27.5 21.0 11.6 4.9 1.5 1.2 
2082 1.6 4.0 11.1 19.4 28.2 32.4 28.2 20.9 13.6 6.8 3.8 3.3 
2083 1.8 4.2 16.3 27.3 45.2 97.1 69.3 30.6 19.7 9.7 3.9 2.4 
2084 1.9 10.1 24.4 55.7 91.3 81.5 47.8 28.5 17.8 9.1 3.4 3.0 
2085 9.2 22.2 112.6 135.4 88.1 118.4 91.2 40.4 25.8 16.1 6.9 3.8 
2086 4.8 9.0 23.0 62.9 134.1 85.7 32.5 27.3 17.7 7.9 3.4 2.5 
2087 11.4 22.8 26.1 28.1 32.9 84.8 86.1 44.2 21.9 11.6 4.8 2.2 
2088 15.0 80.8 98.8 56.1 33.4 31.4 31.0 29.6 22.3 11.4 4.4 1.3 
2089 15.5 33.4 129.4 105.4 118.2 81.2 58.1 48.8 23.5 11.8 4.6 3.1 
2090 7.8 21.6 60.6 53.2 103.0 155.1 84.1 30.5 20.2 10.2 3.8 1.2 
2091 2.0 19.5 76.5 115.8 141.5 80.3 30.9 22.7 13.8 6.1 2.3 1.2 
2092 15.2 44.5 130.9 101.4 138.7 160.7 153.0 207.1 108.7 20.0 10.7 6.7 
2093 14.5 34.4 100.2 90.9 51.7 39.1 110.0 77.9 21.2 12.9 6.3 2.9 
2094 7.0 16.0 38.1 113.6 83.7 36.5 34.2 33.5 25.8 14.2 6.2 2.3 
2095 2.1 9.7 23.8 49.6 99.1 69.6 34.8 27.4 16.4 7.7 5.2 5.0 
2096 6.3 44.0 121.1 237.1 174.3 106.3 61.3 24.9 15.0 7.1 2.9 1.3 
2097 6.8 19.8 135.4 133.7 105.6 65.4 28.8 23.0 15.4 6.7 2.1 3.1 
2098 10.7 17.8 26.8 47.7 131.3 163.1 177.4 94.1 25.0 13.8 6.0 4.4 
2099 17.3 41.1 101.9 90.1 175.8 116.4 30.4 23.6 14.9 6.7 2.5 1.1 
2100 2.2 17.5 57.9 65.2 87.8 60.1 27.8 21.3 13.1 6.4 2.4 1.7 
 
